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FOREWORD 


With  the  introduction  of  water  from  its  Sierra  Nevada  sources  into  the 
ninsula  reservoirs,  San  Francisco  has  achieved  an  engineering  feat  of  the 
eatest  magnitude  which  will  prove  a  major  factor  in  the  development  of 
e  city. 

The  yield  of  water  from  the  mountain  sources,  combined  with  that  from 
e  local  system,  with  construction  of  additional  transmission  facilities  as  the 
mand  increases,  will  supply  ample  water  for  a  population  of  five  millions, 
rdro-electric  energy  sufficient  for  the  needs  of  a  San  Francisco  twice  the  size 
the  present  city  may  be  developed  from  the  fall  of  the  mountain  waters  on 
.eir  course  to  the  sea. 

Both  the  mountain  system  and  the  local  system  are  of  the  highest  type  of 
nstruction,  products  of  the  skill  of  able  engineers.  To  them,  San  Francisco 
res  a  debt  of  gratitude. 

The  new  charter,  in  effect  January  8,  1932,  provides  efficient  and  economical 
anagement  of  these  important  utilities  by  the  newly-constituted  Public  Utili- 
>s  Commission.  To  the  citizen  of  San  Francisco,  who  is  a  stockholder  in  these 
eat  enterprises  of  a  total  value  of  $150,000,000,  the  commission  tenders  this 
scription  in  the  hope  that  he  may  appreciate  the  magnitude  and  worth  of  the 
iter  supply  systems  and  the  many  difficulties  so  successfully  met  by  the 
lilders. 
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GENERAL  DESCRIPTION 

The  City  and  County  of  San  Francisco  owns  and  operates  a  water  system 
with  two  impounding  reservoirs  in  the  Sierra  Nevada  and  five  reservoirs  in  the 
'San  Francisco  Bay  region. 

The  mountain  system,  called  Hetch  Hetchy  Water  Supply,  from  the  name  of 
the  valley  which  forms  the  principal  reservoir,  is  now  developed  to  produce  about 
250  m.g.d.  and  may  be  extended  to  increase  the  yield  to  more  than  400  m.g.d. 
Power  houses  now  built  produce  over  100,000  h.p.  of  hydro-electric  energy  by 
utilizing  the  drop  of  the  water  from  high  levels  to  low  levels  in  its  course  to 
San  Francisco.  The  power  may  be  increased  to  250,000  h.p.  when  economically 
advisable,  by  construction  of  three  additional  power  houses. 

The  aqueduct  from  the  mountain  reservoirs  to  the  local  reservoirs  now  has 
capacity  in  its  smallest  section  to  deliver  45  m.g.d.  Upon  completion  of  the  new 
Bay  Crossing  pips  line,  construction  of  which  is  now  under  way,  the  capacity  of 
the  aqueduct,  as  restricted  by  the  single  pipe  line  across  the  San  Joaquin  Valley, 
will  be  70  m.g.d. 

The  local  sources  of  water  supply  purchased  from  the  Spring  Valley  Water 
Company  have  a  yield  of  60  to  65  m.g.d.  under  ordinary  rainfall  conditions.  The 
last  few  years,  with  rainfall  markedly  less  than  normal,  threatened  the  adequacy 
of  this  supply  so  that  the  bringing  in  of  the  Hetch  Hetchy  water,  in  October,  1934, 
was  a  welcome  relief  and  assures  ample  water  for  years  to  come. 

The  consumption  of  water  from  the  present  system  ranges  around  50  m.g.d. 
and  ordinarily  increases  about  3  per  cent  per  year.  The  combination  of  mountain 
iand  local  sources,  reinforced  by  a  small  amount  of  water  secured  from  local  wells 
for  industrial  use,  will  provide  sufficient  water  for  almost  5  millions  of  persons. 
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HISTORICAL 

Early  Water  Supply: 

The  Padres,  in  exploring  the  coast  northward  from  Monterey  in  1776,  selected 
a  sheltered  valley  traversed  by  a  stream  of  water  as  the  site  of  Mission  St.  Francis 
de  Assisi,  now  commonly  called  Mission  Dolores. 

As  the  settlement  grew,  especially  in  the  gold  rush  days  of  '49,  the  population 
moved  closer  to  the  shore  of  San  Francisco  Bay.  Water  obtained  from  springs 
and  wells,  and  even  brought  in  barges  from  Sausalito,  was  distributed  in  wagons 
and  on  muleback  to  bring  a  price  of  one  dollar  per  bucket. 

In  1851  an  attempt  to  utilize  the  waters  of  Mountain  Lake  and  Lobos  Creek 
in  San  Francisco  was  made  by  Mountain  Lake  Water  Company.  In  1857  the  water 
of  Lobos  Creek  was  actually  developed  by  San  Francisco  Water  Works,  which 
built  a  flume  with  tunnel  through  Fort  Point,  thence  to  Black  Point  at  the  foot  of 
Van  Ness  Avenue,  with  a  pumping  station  which  forced  the  water  up  into  two 
reservoirs  on  Hyde  Street,  which  are  still  in  service.  From  these  reservoirs  pipe 
lines  were  extended  throughout  the  streets  of  the  settled  portion  of  the  City.  This 
water  was  introduced  on  September  16,  1858.  After  considerable  litigation  between 
the  two  companies,  the  Mountain  Lake  Company  failed  in  1862  and  went  out  of 
business. 

Meanwhile  another  company,  called  Spring  Valley  Water  Works,  was  organ- 
ized under  a  charter  from  the  Legislature.  In  1858  this  company  took  up  a  spring 
near  Mason  and  Washington  Streets  and  laid  a  few  pipes.  With  the  acquisition  of 
substantial  funds  the  company  in  1862  brought  in  a  supply  from  Pilarcitos  Creek 
in  San  Mateo  County  to  Laguna  Honda  reservoir  by  means  of  a  redwood  flume 
32  mi.  in  length.  Previous  to  this  time  it  had  acquired  the  Islais  and  Salinas 
Water  Company,  which  was  using  water  from  Islais  Creek,  brought  into  a  reser- 
voir at  Sixteenth  Street  and  Potrero  Avenue,  a  portion  of  which  reservoir  still 
exists  as  a  playfield  in  the  school  grounds. 

A  spirited  fight  which  then  ensued  between  the  two  water  companies  resulted 
in  1865  in  a  "consolidation,"  by  which  Spring  Valley  Water  Works  absorbed  the 
other  company.  From  then  on  this  company  extended  its  works  in  San  Mateo 
county  until  1886  when,  with  the  continuing  growth  of  the  city  and  additional 
development  of  the  company's  system  was  in  the  Alameda  Creek  system  in 
Alameda  County. 

Development  of  Local  Sources: 

In  1864,  the  foundation  of  Pilarcitos  dam  in  San  Mateo  County  was  begun. 
In  1867,  this  dam  was  completed.  This  was  followed  by  construction  of  San  Andres 
dam,  which  was  completed  in  1868,  and  by  Upper  Crystal  Springs  dam  in  1878. 
Lake  Merced,  with  a  pumping  plant  near  the  present  Fleishhacker  playfield  came 
into  service  in  1878.  The  completion  of  Lower  Crystal  Springs  dam  across  San 
Mateo  Creek,  built  from  1887  to  1890,  completed  the  development  of  all  econom- 
ically advisable  reservoir  sites  on  the  San  Francisco  peninsula,  and  all  subsequent 
development  of  the  company's  system  was  in  the  Alameda  Creek  system  in 
Alameda  and  Santa  Clara  Counties. 

The  nucleus  of  the  transbay  sources  was  acquired  by  the  company  in  1875  to 
check  the  attempt  of  the  City  to  construct  its  own  water  system.  As  far  back  as 
1867,  friction  had  developed  between  consumer  and  water  company,  and  far- 
seeing  citizens  then  began  to  realize  that  the  most  satisfactory  solution  of  the 
problem  was  municipal  ownership  of  the  water  system.  Investigations  of  various 
water  sources  during  these  years  led  to  a  recommendation  on  April  19,  1875,  by 
engineer  T.  R.  Scowden,  that  the  city  acquire  its  own  supply  by  purchase  and 
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development  of  Calaveras  reservoir  site  on  a  branch  of  Alameda  Creek  in  Ala- 
meda and  Santa  Clara  Counties.  The  water  company  checked  this  move  by  pur- 
chasing the  lands  and  rights  in  question,  together  with  other  rights  on  Alameda 
'Creek  and  after  many  years  proceeded  to  develop  them  for  water  supply 
purposes. 

After  this  defeat,  the  principle  of  municipal  ownership  long  lay  dormant. 
In  May,  1882,  J.  P.  Dart,  a  civil  engineer  of  Sonora,  Tuolumne  County,  prepared  a 

imap  showing  the  route  proposed  by  Tuolumne  and  San  Francisco  Water  Com- 

ipany  to  bring  water  from  the  Tuolumne  River  above  Jacksonville  to  San  Fran- 
cisco. Various  other  mountain  sources  were  suggested  in  1889  and  1894.  The 
United  States  Geological  Survey  Annual  Report  of  1899-1900  contained  a  report 
on  Hetch  Hetchy  and  suggested  it  as  a  source  which  could  furnish  San  Francisco 

iwith  250  gallons  daily  per  capita  for  a  population  of  one  million. 

Water  from  Niles  Canyon  on  Alameda  Creek  was  brought  to  the  city  in  1888 

iand  from  the  Pleasanton  wells  and  Sunol  gravels  in  1900.  Development  of  Cala- 

•  veras  reservoir  was  completed  in  1924. 

Efforts  to  Acquire  a  Supply  from  the  Sierra  Nevada: 

Increasing  discontent  at  the  attitude  of  the  water  company,  which  was  always 
I  reluctant  to  make  capital  expenditures  for  development  of  additional  water,  was 
one  of  the  factors  that  led  to  the  insertion  into  the  new  charter  of  the  City,  in 
effect  in  1900,  a  provision  "that  its  public  utilities  shall  be  gradually  acquired  and 
ultimately  owned  by  the  City  and  County."  This  mandate  impelled  the  super- 
visors to  take  steps  toward  the  acquisition  of  a  municipal  water  supply,  just  as 
several  years  later  it  resulted  in  construction  by  the  City  of  that  highly  profitable 
property,  the  Municipal  Railway. 

During  the  administration  of  Mayor  Phelan  in  1900  and  1901,  the  City  Engineer 
(made  an  exhaustive  investigation  of  fourteen  water  supply  sources: 


This  investigation  established  the  superiority  of  the  Tuolumne  River  system, 
later  called  the  Hetch  Hetchy  system,  principally  for  the  following  reasons: 

1.  Purity  of  the  water. 

2.  Largest  amount  of  water  available. 

3.  Largest  and  best  reservoir  sites. 

4.  Freedom  from  conflicting  legal  claims. 

5.  Power  possibilities. 

Steps  were  taken  immediately  toward  acquisition  of  rights.  Appropriations 
of  the  water  of  Tuolumne  River  and  of  Eleanor  Creek  were  made  under  the  Cali- 
fornia laws.  The  complication  in  the  selection  of  Tuolumne  River  lay  in  the  fact 
that  the  principal  impounding  reservoirs,  Lake  Eleanor  and  Hetch  Hetchy.  lie 
within  Yosemite  National  Park,  which  is  under  the  jurisdiction  of  the  United 
States  Department  of  the  Interior. 

Applications  for  permission  to  build  the  necessary  dams  within  the  Park,  filed 
October  16,  1901,  were  denied  June  20,  1903,  by  Secretary  of  the  Interior  Hitch- 
cock and  the  denial  was  reaffirmed  on  September  22, 1903,  on  the  ground  of  lack  of 
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authority  of  the  Secretary  to  make  such  a  grant.  An  attempt  was  then  made  to 
secure  legislative  action  in  Congress,  but  the  bill  was  shelved  by  a  hostile  Lands 
Committee  of  the  House  of  Representatives.  In  February,  1905,  an  appeal  to  the 
President  brought  forth  an  explanation  of  the  denial  by  the  Secretary  wherein  he 
claimed  that  Congressional  action  would  be  necessary.  An  opinion  to  the  contrary 
was  given  by  the  Attorney  General,  but  this  was  not  made  known  until  1906. 

The  great  fire  caused  an  interruption  to  consideration  of  the  application,  but 
on  July  24,  1907,  Secretary  Garfield  reopened  proceedings  with  hearings  in  San 
Francisco,  and  on  May  11,  1908,  he  approved  the  original  application  as  filed  in 
1901,  under  what  is  known  as  the  Garfield  Permit. 

The  Garfield  Permit  which  was  revocable  under  certain  conditions,  granted 
to  the  City  rights  of  way  for  conduits,  dams  and  reservoirs  in  Yosemlte  National 
Park,  subject  to  certain  important  restrictions,  some  of  which  are  as  follows: 
The  City  was  required  to  develop  Lake  Eleanor  and  Cherry  reservoirs  to  full 
capacity  before  beginning  work  at  Hetch  Hetchy;  the  City  must  recognize  and 
protect  the  prior  rights  of  the  Turlock  and  Modesto  Irrigation  Districts  to  a  flow 
of  2,350  cu.  ft.  of  water  per  second  from  the  Tuolumne  River;  the  City  was  to 
permit  the  districts  to  construct  storage  works  above  Lake  Eleanor  and  Hetch 
Hetchy;  the  City  was  required  to  sell  to  these  districts  at  cost,  any  surplus  elec- 
tric power  not  actually  required  for  pumping  the  water  or  for  actual  municipal 
purposes  of  the  City  (which  purposes  should  not  include  sale  to  private  persons 
nor  to  corporations).  It  must  be  noted  that  this  permit  would  have  prohibited 
San  Francisco  from  commercial  sale  of  its  own  power. 

On  November  12,  1908,  the  citizens  voted  a  bond  issue  of  $600,000  with  which 
to  purchase  lands  and  water  rights  necessary  for  the  development.  On  January 
14,  1910,  another  bond  issue  in  the  amount  of  $45,000,000  was  authorized  with 
which  to  construct  a  complete  water  system.  On  February  25,  1910,  the  new  Secre- 
tary of  the  Interior  Ballinger  cited  the  City  to  show  cause  why  the  Hetch  Hetchy 
part  of  the  permit  should  not  be  revoked,  thus  leaving  the  City  with  only  Lake 
Eleanor  and  Cherry  Valley.  As  it  would  not  have  been  good  economics  to  build 
the  long  equeduct  to  utilize  the  relatively  small  amount  of  water  which  could  be 
developed  from  these  two  sources  and  as  the  officials  of  the  City  did  not  think  that 
it  was  advisable  to  be  subject  to  the  whims  of  successive  Secretaries  of  the 
Interior,  they  decided  to  ask  Congress  for  an  outr'ght  grant  of  the  desired 
privileges. 

In  this  year  the  City  Attorney  engaged  the  services  of  the  late  John  R.  Free- 
man, noted  hydraulic  engineer  of  Providence,  R.  I.,  subsequently  one  of  the  engi- 
neers of  the  New  York  Board  of  Water  Supply,  to  prepare  material  with  which  to 
present  the  City's  claims  before  Congress.  Mr.  Freeman  redesigned  the  entire 
project  in  the  light  of  modern  engineering  to  what  is  known  as  the  "Freeman 
Plan"  of  development  which,  with  slight  modifications,  has  been  substantially 
followed  in  the  present  construction.  This  plan  provides  for  the  delivery  of  400 
m.g.d.  instead  of  60  m.g.d.  under  previous  plans.  It  provides  for  extensive 
development  of  hydro-electric  energy  for  commercial  sale  and  revises  the  plan 
so  as  to  bring  the  water  to  San  Francisco  by  an  all-gravity  route  instead  of  by 
pumping.  The  unfortunate  part  of  his  plan  was  that  he  estimated  construction 
costs  on  a  basis  of  common  labor  at  $2.50  per  ten-hour  day,  when  the  Charter 
required  a  minimum  of  $3.00  per  eight-hour  day. 

On  May  18,  1910,  President  Taft  had  appointed  a  Board  of  Army  Engineers, 
consisting  of  Colonel  John  Biddle,  Lieutenant-Colonel  Harry  Taylor,  and  Major 
Spencer  Cosby,  to  review  all  engineering  matters  in  question.  This  board  of 
engineers  examined  exhaustively  all  alternative  sources  of  supply  which  had  been 
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suggested  as  available  for  San  Francisco's  use,  and  in  a  report  made  to  Secretary 
)f  the  Interior  Fisher,  under  date  of  February  19,  1913,  recommended  the  use  of 
he  Hetch  Hetchy  supply  as  being  not  only  the  most  available,  but  the  cheapest 
md  most  economical  for  the  City's  use  and  affording  the  greatest  possibilities  for 
lydro-electric  development.  An  extended  and  heated  battle  was  waged  in  the 
lalls  of  Congress,  where  the  City's  application  was  opposed  by  nature  lovers  and 
he  representatives  of  irrigation,  power  and  water  interests,  but  the  Hetch  Hetchy 
;rant,  known  as  the  Raker  Act,  was  passed  by  both  houses  and  signed  by  Presi- 
dent Wilson  on  December  19,  1913. 

The  Raker  Act  granted  to  San  Francisco  the  rights  of  way  and  the  use  of 
iiublic  lands  in  the  Yosemite  National  Park,  the  Stanislaus  National  Forest,  and 
j  lsewhere,  for  the  purpose  of  constructing,  maintaining  and  operating  reservoirs, 
l  ams,  conduits,  and  other  structures  necessary  or  incident  to  the  development 
;nd  use  of  water  and  power. 

Some  of  the  stipulations  inserted  in  the  Act  provide  as  follows: 

The  City  is  empowered  to  enforce  certain  sanitary  regulations  within  the 
i/atershed  tributary  to  the  reservoirs  and  aqueduct. 

The  City  is  required  to  recognize  the  prior  right  of  Turlock  and  Modesto  Irri- 
gation Districts  to  receive  from  the  natural  daily  flow  of  Tuolumne  River,  meas- 
ured at  La  Grange,  such  water  as  can  be  beneficially  used  by  them,  up  to  2,350 
u.  ft.  per  second,  and  for  the  60-day  period  beginning  with  April  15,  for  direct 
jse  and  storage,  4,000  cu.  ft.  per  second. 

The  City  is  required  to  develop  electric  power  for  municipal  and  commercial 

|se. 

The  City  is  required  to  construct  certain  roads  and  trails  and  donate  them  to 
lie  United  States. 

The  City  must  pay  an  annual  rental  graduated  up  to  a  maximum  amount 
■f  $30,000. 

The  City  shall  undertake  and  vigorously  prosecute  to  completion  at  Hetch 
lletchy  a  dam  at  least  200  ft.  high. 

The  City  .  .  .  "shall  not  divert  beyond  the  limits  of  the  San  Joaquin  Valley 
jjny  more  of  the  waters  of  the  Tuolumne  watershed  than,  together  with  the  waters 
rhich  it  now  has  or  may  hereafter  acquire,  shall  be  necessary  for  its  beneficial 
|ise  for  domestic  and  other  municipal  purposes." 

The  Act  expressly  avoids  interference  with  the  laws  of  California  relating  to 
lie  control  or  appropriation  of  water,  which  is  of  extreme  importance,  because 
tan  Francisco  holds  its  water  rights  under  the  California  law  and  not  under  the 
aker  Act. 

The  provisions  of  the  Act  are  extended  to  the  "City  and  County  of  San  Fran- 
lisco  and  such  other  municipalities  or  water  district  or  water  districts  as  may, 
ith  the  consent  of  the  City  and  County  of  San  Francisco  or  in  accordance  with 
lie  laws  of  the  State  of  California,  hereinafter  participate  in  or  succeed  to  the 
eneficial  rights  and  privileges  granted  by  this  Act." 

The  Act  was  ratified  by  the  City  in  the  Spring  of  1914  and  a  construction 
Irogram  was  planned.  It  should  be  noted  that  the  Act  required  that  construction 
le  begun  immediately  and  prosecuted  without  cessation,  but  that  the  water  could 
lot  be  delivered  to  San  Francisco  as  long  as  other  water  was  available.  There- 
>re  it  was  decided  to  concentrate  all  energy  and  financial  resources  on  the  con- 
duction of  the  system  from  the  impounding  reservoirs  down  to  the  Moccasin 
3wer  plant,  thus  developing  and  protecting  the  water  rights  under  the  California 
iw  and  also  producing  a  revenue  from  power  sales  that  could  be  applied  to  reduce 
lie  burden  of  bond  interest  and  redemption  on  the  taxpayers,  and  then  gradually 
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to  extend  the  aqueduct  to  bring  in  the  water  by  the  beginning  of  1933.  Postpone- 
ment of  the  predicted  date  of  completion  from  that  date  to  October,  1934,  wal 
caused  by  contingencies  which  could  not  have  been  foreseen. 

Acquisition  of  Spring  Valley  Water  Company's  System: 

During  the  period  that  the  City  battled  for  its  mountain  water  supply  and 
carried  on  its  huge  construction  program,  continued  efforts  were  made  to  pur- 
chase the  water  company's  system.  In  the  election  of  January  14,  1910,  when  the 
$45,000,000  bond  issue  for  construction  of  the  Hetch  Hetchy  system  was  author- 
ized by  the  voters,  an  alternative  proposition  appeared  on  the  ballot,  proposing 
the  issuance  of  $23,000,000  for  development  of  the  mountain  supply  and  $35,000,000 
for  purchase  of  the  local  system.  This  proposition  barely  failed  to  get  the  requi- 
site two-thirds  majority.  Constant  efforts  were  made  to  convince  the  voters  of 
the  advisability  of  purchasing  the  system.  The  question  was  even  made  a  subject 
for  study  in  the  schools,  both  public  and  private.  San  Francisco  became  unique 
in  that  it  was  the  only  large  city  in  the  United  States  that  did  not  own  its  own 
water  system.  The  results  of  bond  elections  for  purchase  of  the  Spring  Valley 
system  are  shown  in  the  following  tabulation: 


Date  of 

Amount  of  Proposed 

Vote 

Election 

Bond  Issue 

For 

Against 

January, 

1910 

$35,000,000 

22,068 

11,722 

April, 

1915 

35,000,000 

39,975 

33,518 

March, 

1921 

38,000,000 

43,073 

30,932 

June, 

1927 

40,000,000 

41,463 

28,611 

May, 

1928 

41,000,000 

82,490 

21,175 

So,  finally,  reason  triumphed  over  the  zeal  of  misinformed  obstructionists 
and  the  City  came  into  possession  of  a  water  system  which,  combined  with  the 
mountain  supply,  is  of  the  greatest  reliability  and  capable  of  supplying  eventu- 
ally 5,000,000  persons. 

The  major  items  of  which  the  City  acquired  ownership  are: 

Over  62,000  acres  of  reservoir  and  watershed  lands  in  San  Francisco,  San 
Mateo,  Santa  Clara  and  Alameda  Counties; 

Five  impounding  reservoirs  of  total  capacity  65  billion  gal.;  the  Pleasanton 
well  system,  and  the  Sunol  filter  beds; 

All  riparian  and  other  rights  necessary  to  protect  the  right  to  divert  and 
use  the  waters  from  the  seven  sources; 

Main  aqueducts  totaling  111  mi.,  consisting  of  pipe  lines,  conduits,  and 
tunnels  carrying  the  water  in  to  San  Francisco,  and  pumping  stations  on  the 
aqueducts; 

All  necessary  rights  of  way  for  aqueducts,  roads,  power  lines,  etc.; 
A  distribution  system  consisting  of  20  reservoirs  and  tanks  of  combined 
capacity  of  135  m.g.,  750  mi.  of  pipe,  and  all  necessary  pumping  stations; 
Over  100,000  consumers. 

The  property  consisted  of  62,612  acres  of  land  in  four  counties: 


Acres 

San  Francisco  _  _   968 

San  Mateo  23  775 

Alameda   _  24,267 

Santa  Clara  13^602 


Total  62,612 


The  seven  sources  comprise  four  impounding  reservoirs,  one  reservoir 
(Lake  Merced  in  San  Francisco)  from  which  percolating  waters  are  pumped, 
the  Pleasanton  well  system  at  the  lower  end  of  Livermore  Valley,  and  the  Sunol 
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:*avel  beds  from  which  percolating  water  is  drawn.  The  greater  part  of  the 
ater  produced  is  naturally  filtered,  while  that  from  the  three  impounding 
;servoirs  in  San  Mateo  County  comes  from  an  area  puolicly  owned  on  which 
espassing  is  prohibited.   Waters  from  all  the  sources  are  chlorinated. 

The  bonds  issued,  known  as  "Spring  Valley  Bonds,"  are  dated  July  1.  1928, 
id  bear  interest  at  4y2  per  cent.  Redemption  began  July  1,  1930,  at  the  rate 
!  $1,000,000  annually,  all  payments  being  made  from  the  profits  of  the  system. 

The  newly  constituted  San  Francisco  Water  Department  formally  took  over 
Le  operation  of  the  system  at  noon  of  March  3,  1930,  since  which  time  a  most 
iviable  financial  showing  has  been  made. 


AERIAL  VIEW  OF  PORTION  OF  HETCH  HETCHY  WATERSHED 
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HETCH  HETCHY  WATER  SUPPLY 


WATERSHEDS  AND  STORAGE  RESERVOIRS 

The  principal  storage  reservoir,  Hetcli  Hetchy,  was  made  by  building 
O'Shaughnessy  Dam,  the  construction  of  which  will  be  described  later.  Tribu- 
tary to  this  reservoir  there  are  459  sq.  mi.  of  rugged  granite  mountains  of 
which  the  highest,  Mt.  Lyell,  attains  an  elevation  of  13,090  ft.  About  92  per 
cent  of  this  area  is  above  6,000  ft.  elevation  and  is  uninhabitable  except  for 
about  three  months  in  summer. 

This  entire  section  lies  within  Yosemite  National  Park  and  on  it  there  is 
not  one  permanent  habitation.  All  of  this  land  belongs  either  to  the  United 
States  Government  or  to  the  City  and  County  of  San  Francisco.  There  will, 
therefore,  be  no  possibility  of  pollution  of  the  watershed  by  human  activities 
such  as  camping,  mining,  cattle  raising,  or  farming.  The  entire  area  is  com- 
posed of  granitic  rocks  largely  without  soil  or  vegetation  so  that  it  forms  an 
ideal  watershed.  Mr.  Allen  Hazen,  noted  sanitary  engineer,  stated  in  the 
Freeman  report  to  the  Army  Board  "it  would  be  difficult  to  conceive  of  a  more 
perfect  gathering  ground  or  one  better  adapted  to  produce  water  of  greater 
purity.    The  water  will  be  almost  ideally  safe." 

On  the  basis  of  a  hardness  of  less  than  20  for  Hetch  Hetchy  water  and  100 
for  the  water  then  in  use  in  San  Francisco,  Mr.  Hazen  estimated  that  the  sub- 
stitution of  60  m.g.d.  of  the  mountain  water  would  represent  a  saving  of  soap 
and  water  softeners  in  the  city  amounting  to  $175,000  annually.  Chemical 
analysis  cf  a  sample  of  water  taken  from  Hetch  Hetchy  reservoir  at  a  point 
about  one  mile  easterly  from  the  dam,  shows  14.8  parts  per  million  of  total 
solids  and  a  hardness  of  2.58  parts  per  million  as  calcium  carbonate. 

The  quantity  of  water  available  from  the  Tuolumne  River  is  ample  for  the 
combined  requirements  of  San  Francisco  and  the  Turlock  and  Modesto  Dis- 
tricts. The  total  runoff  of  the  Tuolumne  River  measured  at  La  Grange  averages 
about  two  million  acre  ft.  annually.  The  requirements  of  San  Francisco  with 
the  Hetch  Hetchy  project  developed  to  its  maximum  will  consume  about  one- 
quarter  of  this  flow. 

The  watershed  area  directly  tributary  to  Lake  Eleanor  comprises  79  sq.  mi. 
and  is  entirely  within  the  boundaries  of  Yosemite  National  Park.  Additional 
watershed  tributary  to  the  reservoir  by  diversion  through  a  flood  canal  from 
Cherry  Creek,  totals  114  sq.  mi.  This  lies  within  Stanislaus  National  Forest. 
A  further  area  of  32  sq.  mi.  drains  into  Eleanor  Creek,  Cherry  River,  and 
Tuolumne  River  between  the  main  storage  reservoirs  and  the  diversion  dams 
which  turn  the  water  into  the  aqueduct. 

Hetch  Hetchy  Reservoir  with  O'Shaughnessy  Dam  built  to  its  present 
height  of  344.5  ft.,  stores  67  billion  gal.  or  206,000  acre  ft.  The  ultimate  storage 
with  the  dam  built  to  its  full  height  of  430  ft.  will  be  117.3  billion  gal.  or  360,000 
acre  ft.  The  present  reservoir  is  7y2  mi.  long  and  has  a  maximum  width  of  % 
of  a  mile.  The  flow  of  Tuolumne  River  is  sufficient  during  the  one  month  of 
June  of  any  normal  year  to  fill  the  present  reservoir  twice. 

For  water  supply  purposes  the  present  stage  of  development  of  the  two 
reservoirs  is  ample  for  the  requirements  of  two  million  people.  For  power 
generation,  the  development  is  sufficient  in  normal  years  but  not  during  dry 
seasons. 

The  Pacific  Gas  and  Electric  Company,  which  acts  as  the  City's  agent  for 
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i  stributing  power,  is  obligated  to  take  the  full  amount  of  energy  that  can  be 
H'oduced  at  the  Moccasin  plant.    Consequently,  to  obtain  the  maximum  income 
jie  water  is  drawn  from  the  reservoirs  at  full  capacity  of  the  aqueduct  tunnels, 
hich  under  certain  conditions  exceeds  400  m.g.d. 

A  draft  of  this  magnitude  will  deplete  Hetch  Hetchy  reservoir  in  the  early 
inter,  unless  heavy  early  rains  occur.  Obviously,  it  then  becomes  necessary 
operate  the  power  house  on  a  diminished  scale  with  stream  flow  during  part. 
:  the  winter  months.  This  condition  will  be  overcome  by  construction  of 
I'Shaughnessy  Dam  to  its  full  height  of  430  ft.,  for  which  a  bond  issue  of 
1,500,000  was  authorized  by  the  voters  in  November,  1933.  Bids  for  this  work 
jive  already  been  received  and  it  is  expected  that  construction  will  begin  at 
i  early  date. 


HETCH  HETCHY  RESERVOIR 


Lake  Eleanor,  the  second  main  storage  reservoir,  lies  about  5  mi.  north- 
asterly  from  Hetch  Hetchy.  The  level  of  the  original  natural  lake  was  raised 
ft.  by  construction  of  Lake  Eleanor  Dam.  which  will  be  described  later, 
le  present  Lake  Eleanor  reservoir  has  capacity  of  9  billion  gal.,  or  2^.0mi  acre 
,  which  may  be  increased  by  future  construction  of  a  rock  fill  dam  to  71 
llion  gal.,  cr  218  000  acre  ft.  The  future  reservoir  will  receive  additional 
iter  from  Cherry  Creek  watershed  by  means  of  a  diversion  canal. 

Statistics  relative  to  these  two  reservoirs  and  to  other  reservoirs  possible 
i  the  Tuolumne  River  watershed,  will  be  found  later  on  in  this  booklet. 
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CONSTRUCTION  FEATURES 

Preparatory  Work: 

Before  proceeding  with  the  construction  of  the  essential  parts  of  the  aque- 
duct it  was  necessary  to  complete  several  auxiliaries.  The  sites  of  both  Hetch 
Hetchy  and  Lake  Eleanor  reservoirs  lie  within  the  National  Park.  Prior  to 
the  construction  of  dams  at  these  points  these  regions  were  accessible  only! 
by  trail.  Large  amounts  of  construction  machinery  and  material  were  required 
for  work  in  constructing  these  dams  and  for  the  tunnel  work,  so  it  was  decided 
to  build  a  standard  gage  railroad  from  the  Sierra  Railway,  26  mi.  east  of  Oak- 
dale,  through  the  mountains  for  transportation  of  men  and  materials. 

A  careful  study  was  made  of  the  question  of  power  for  construction  use, 
as  a  result  of  which  it  was  decided  to  build  a  construction  power  plant  which 
would  furnish  adequate  electric  energy  for  all  the  construction  operations. 

The  City  owned  valuable  timber  lands  within  Yosemite  National  Park  and 
close  to  its  borders,  consequently,  it  was  deemed  advisable  to  build  a  sawmill 
to  utilize  this  timber  for  construction.  Many  miles  of  roads  were  built,  tele- 
phone and  power  lines  installed,  and  water  supplies  developed  for  the  various 
construction  camps. 

Hetch  Hetchy  Railroad: 

The  Hetch  Hetchy  Railroad  was  a  major  piece  of  construction.  Location 
surveys  were  made  from  a  connection  with  Sierra  Railway  of  California  at  a  1 
point  26  mi.  from  Oakdale  to  the  rim  of  Hetch  Hetchy  Valley,  a  distance  of 
68  mi.  The  maximum  grade  was  4  per  cent  and  the  sharpest  curve  30  degrees, 
or  190  ft.  radius.  The  railroad  was  located  so  as  to  give  most  convenient  and 
cheapest  transportation  to  the  various  construction  camps  along  the  aqueduct 
route.    The  highest  point  on  the  railroad,  Poopenaut  Pass,  six  mi.  from  Hetch 


EARLY  INTAKE  FROM  HETCH  SNOWPLOW  ON  HETCH  HETCHY 

HETCHY  RAILROAD  RAILROAD 


Preliminary  construction 
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:chy,  is  at  elev.  5,064.   Grading  began  in  1916  and  was  completed  in  October. 
[7.    Total  amount  of  excavation  exceeded  1  000,000  cu.  yd.    The  railroad  was 
rrated  from  July,  1918,  to  February,  1925,  as  a  common  carrier  with  freight 
p  base  12y2  cents  per  ton  mi.  for  carload  lots  and  passenger  fare  base  7 Ms 
ts  per  mi.    The  cost  of  construction  of  the  railroad  was  approximately 
)00,000.    During  the  peak  of  transportation  six  City  locomotives  with  one 
ted  locomotive  were  in  constant  service,  day  and  night.    The  operation  of 
railroad  resulted  in  much  earlier  completion  of  the  structures  in  the  moun- 
is  than  would  have  been  possible  with  other  means  of  transportation.  Upon 
lpletion  of  construction  in  the  mountains,  most  of  the  heavy  equipment  and 
ing  stock  was  sold.    The  roadbed  was  then  maintained  only  sufficiently  for 
lg  light  gasoline  equipment  for  maintenance  of  power  operation.    Since  then, 
fever,  ties  have  been  renewed,  trestles  repaired  and  the  line  put  in  good 
dition  for  hauling  heavy  freight  necessary  for  the  enlargement  of  O'Shaugh- 
sy  Dam.    The  9  mi.  of  track  from  Mather  to  the  dam  were  removed  several 
rs  ago  and  replaced  by  an  excellent  highway. 

sawmills : 

Sawmill  machinery  was  purchased  in  August,  1915,  and  a  sawmill  erected 
uvyiamite  National  Park  at  Canyon  Ranch,  4V2  mi.  from  Hetch  Hetchy.  After 
•0,000  board  ft.  of  lumber  had  been  sawn  at  this  location  the  timber  supply 
i  exhausted  and  the  sawmill  was  moved  in  1919  to  Mather,  which  is  9  mi. 
n  Hetch  Hetchy.  At  this  latter  point  operation  was  continued  until  1924 
m,  having  served  the  needs  of  construction  to  that  time,  its  operation  was 
continued  and  later  it  was  dismantled.    About  21,000,000  board  ft.  of  lumber 
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was  cut.  This  was  shipped  from  the  mill  on  the  City's  own  cars  over  its  own 
railroad  to  the  various  camps,  to  be  used  for  concrete  forms,  camp  buildings 
flumes,  tunnel  timbering,  and  miscellaneous  structures.  High  grade  lumber 
such  as  sugar  pine,  not  required  in  the  City's  work,  was  traded  to  privately 
operated  mills  for  a  greater  quantity  of  lumber  suitable  for  construction  use. 

Construction  Power  Plant: 

Power  for  construction  requirements  was  obtained  from  a  4,500  h.p.  plant 
constructed  on  the  Tuolumne  River  for  this  purpose  near  its  junction  with 
Cherry  River.  This  plant  utilizes  the  water  stored  in  Lake  Eleanor  and  from 
the  natural  flow  of  Cherry  River  to  drive  3  Pelton-Francis  turbines  operating 
under  a  maximum  head  of  345  ft.  and  direct  connected  to  three  2,300-volt  1000 
kv-a  generators.  The  water  discharged  from  the  turbines  may  either  be  released 
into  the  Tuolumne  River  and  wasted,  as  is  done  when  Hetch  Hetchy  reservoir 
is  full  and  spilling,  or  may  be  transmitted  across  the  river  to  enter  the  main 
aqueduct  tunnel  at  an  adit  y2  mi.  downstream  from  Early  Intake  diversion  dam, 
there  to  unite  with  the  water  from  Hetch  Hetchy  reservoir  in  its  course  to 
Moccasin  power  house.  A  transmission  line  operating  at  22,000  volts  extends 
11  mi.  easterly  to  O'Shaughnessy  dam  and  22  mi.  westerly  to  Moccasin. 

The  power  house  began  operation  in  May,  1918,  and  in  sixteen  years  has 
produced  power  for  the  City's  construction  use  valued  at  $550,000  and  has 
received  a  cash  revenue  of  $750,000  from  the  commercial  sale  of  power. 

Lake  Eleanor  Dam: 

To  provide  water  for  continuous  operation  of  the  construction  power  plant 
during  the  low  water  season,  Lake  Eleanor  dam  was  built.  Its  location  is  on 
Eleanor  Creek  about  1  mi.  downstream  from  the  outlet  of  Lake  Eleanor,  a 
typical  glacial  lake.  The  level  of  this  lake  was  raised  35  ft.  by  construction 
of  a  buttressed  arch  dam  1,260  ft.  long  and  70  ft.  high  with  crest  elev.  4,661  ft. 


CHERRY  RIVER  CONSTRUCTION  POWER  PLANT  TURBINES  AND 
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rie  central  portion  of  the  dam  consists  of  20  arches,  each  with  a  span  of  40  ft. 
ike  arches  are  on  an  incline  of  50  degrees  to  the  horizontal  and  are  supported 
1  buttresses.  The  two  ends  of  the  dam  are  built  as  gravity  section.  The 
lutherly  end  contains  an  ample  spillway  with  provision  for  flash-boards  to 
itse  the  water  elev.  4  ft.  to  the  top  of  the  dam.  The  stored  water  is  released 
trough  four  24-in.  gates.  The  dam  contains  11.640  cu.  yd.  of  concrete  very 
Iiavily  reinforced  and  cost  approximately  S300  000.  All  the  work  was  done  by 
|y  labor  employees  of  the  Hetch  Hetchy  construction  department  in  the 
jpiarkably  short  time  of  18  months.  This  dam  may  in  future  be  used  as  thr 
■^stream  toe  of  a  rock  fill  dam  235  ft.  in  height,  which  is  particularly  adapted 
I  the  conditions  at  this  site. 
O'Shaughnessy  Dam: 

Prior  to  appointment  of  M.  M.  O'Shaughnessy  as  City  Engineer  on  Septem- 
r  1,  1912,  it  had  been  thought  that  30  ft.  would  be  ample  depth  of  foundation 
•  the  dam  across  Tuolumne  River.  Under  his  direction  wash  borings  and 
imond  drill  borings  were  made,  which  disclosed  the  fact  that  the  damsite 
,s  at  the  terminal  moraine  of  an  ancient  glacier  and  that  the  river  channel 
tween  the  cliffs  was  occupied  largely  by  boulders  with  thin  intervening  beds 
sand  to  depths  of  90  ft.  or  more  below  river  level.  During  construction  of 
3  dam  it  became  necessary  to  excavate  to  118  ft.  below  river  level  to  the 
spest  point  of  the  cut-off  wall.  Bedrock  was  encountered  at  61  ft.  depth  at 
i  downstream  toe  and  101  ft.  at  the  upstream  toe. 

Certain  preliminary  work  was  undertaken  by  small  day  labor  crews  and 
August  1,  1919,  a  contract  for  construction  of  the  dam  was  awarded  to  Utah 
nstruction  Company.    The  dam  is  of  the  arched  gravity  type  with  radius  of 
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700  ft.  Crest  elev.  is  3,726.5  ft.  It  is  built  of  cyclopean  concrete,  which  consists 
of  plain  concrete  with  about  8  per  cent  of  granite  "plums"  or  blocks  of  stone 
ranging  in  size  from  1  cu.  ft.  to  5  or  6  cu.  yd.  imbedded  in  the  mass. 

All  modern  features  for  safety  are  provided.  There  are  five  vertical  con- 
traction joints  sealed  by  strips  of  sheet  copper,  which  divide  the  structure 
into  six  blocks.  Precast  porous  concrete  drainage  wells  were  built  to  intercept 
any  possible  leakage  and  lead  it  through  galleries  out  through  the  back  of  the 
dam.  On  each  contraction  joint  there  is  an  inspection  well  with  ladderway. 
These  inspection  wells  lead  to  inspection  galleries  which  pierce  the  interior 
of  the  dam. 

The  present  wasteway  consists  of  18  siphon  spillways  each  4x10  ft.  at  the 
throat,  with  capacity  of  20,000  cu.  ft.  per  second,  which  discharge  floods  over 
the  downstream  face  of  the  dam.  There  are  12  outlet  conduits  through  which 
water  from  the  reservoir  may  be  passed  through  the  dam.  Six  of  the  conduits 
are  regulated  by  sluice  gates  47x90-in.  and  by  balanced  needle  valves  5  ft.  in 
diameter.  The  other  six  have  33x42-in.  sluice  gates  and  3-ft.  diameter  balanced 
needle  valves.  The  valves  and  appurtenances  comprise  over  2,000,000  lb.  of 
metal  of  high  grade  design  and  cost  nearly  $700,000.  Three  of  the  discharge 
conduits  are  in  the  diversion  tunnel  through  which  the  flow  of  Tuolumne  River 
was  carried  past  the  foundation  excavation  during  construction  of  the  dam. 
This  tunnel,  approximately  1,000  ft.  long,  was  23x25  ft.  and  was  driven  through 
solid  granite.  At  the  time  of  construction  of  the  discharge  conduits  the  diver- 
sion tunnel  was  plugged  with  concrete. 

The  greater  part  of  the  concrete  consists  of  1:3:6  mix  with  no  rock  larger 
than  will  pass  a  2V2-m.  mesh  screen.   Plum  stones  were  not  permitted  to  lie 


CITY'S  SAWMILL  AT  MATHER  STATION 


O'SHAUGHNESSY  DAM 


15 


O'SHAUGHNESSY  DAM  AT  HETCH  HETCHY 


closer  than  2  ft.  to  the  face  of  the  dam  or  the  rock  in  the  abutments,  or  closer 
jhan  1  ft.  to  forms,  construction  joints,  etc.,  or  closer  than  6  in.  to  one  another. 
; lass  concrete  placed  next  to  the  upper  face  and  to  part  of  the  downstream  face 
,i  the  outlet  section  and  other  places,  is  a  1:2%:  5  mix  with  rock  to  pass  a  2-in, 
lesh  screen.  Reinforced  concrete  such  as  in  the  spillways  is  a  1:2:4  mix  with 
lock  to  pass  a  1-inch  mesh  screen.  Dense  concrete  blocks  around  the  inspection 
'■ells  are  precast  with  1:2:4  mix  and  reck  to  pass  a  1-in.  mesh  screen.  Porous 
ioncrete  blocks  around  drainage  wells  are  1:1:8  mix. 

Concrete  operations  were  carried  on  day  and  night,  summer  and  winter, 
►uring  the  very  cold  weather  a  heating  plant  was  used  to  prevent  the  concrete 
'om  freezing.  The  greatest  amount  of  concrete  poured  in  one  month  was  #1,178 
u.  yd.  Maximum  amount  placed  in  one  day  was  2,000  cu.  yd.  In  general  the 
oncrete  was  poured  in  5-ft.  layers,  keeping  the  downstream  face  always  from 
to  15  ft.  higher  than  the  upstream  face.  Precast  concrete  screen  racks,  circular 
l  plan,  were  built  in  the  reservoir  face  to  prevent  debris,  such  as  trees,  from 
ntering  the  outlet  conduits  and  interfering  with  operation  of  the  valves.  Tin- 
am  is  surmounted  by  a  concrete  parapet  rail,  precast  in  sections,  of  most 
leasing  design,  which  gives  it  a  very  beautiful  appearance. 
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The  cement  was  hauled  from  the  factory  in  bulk  and  handled  by  appro- 
priate machinery  from  box  cars  to  mixers.  All  batches  were  weighed.  Sand  was 
obtained  from  a  pit  in  Hetch  Hetchy  Valley  about  3  mi.  upstream  from  the 
damsite.  The  rock  was  obtained  from  talus  slopes  on  the  north  s  de  of  the 
valley  and  consisted  entirely  of  granite. 

To  comply  with  the  requirements  of  the  Raker  Act,  and  for  other  reasons, 
the  dam  was  built  initially  to  a  height  of  226.5  ft.  above  stream-bed  but  the 
plans  contemplated  an  ultimate  height  of  312  ft.  The  foundation  was  built 
298  ft.  thick,  of  ample  dimensions  to  support  the  ultimate  dam.  The  central 
port 'on  of  the  dam,  which  contains  the  main  outlet  valves  and  conduits,  was 
built  to  the  full  section  of  the  ultimate  dam  or  80  ft.  thicker  than  the  other 
portions. 

The  crest  of  the  dam,  now  605  ft.  long,  will  become  900  ft.  The  thickening 
of  the  two  end  sections  and  the  heightening  of  the  whole  structure  will  increase 
the  concrete  volume  of  398,516  cu.  yd.  by  175,000  cu.  yd.  In  appurtenant  struc- 
tures about  77,000  cu.  yd.  of  concrete  will  be  poured.  The  volume  of  concrete 
below  stream-bed  is  77  346  cu.  yd.  The  present  siphon  spillways  will  be  plugged 
with  concrete,  a  channel  spillway  constructed  and  drum  gates  installed.  Addi- 
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onal  outlet  valves  and  conduits  will  be  installed.  The  reservoir  area  from 
^esent  high  water  to  new  high  water  (about  360  acres)  will  be  entirely  cleared 
!  timber  and  brush,  as  was  the  original  reservoir  area.  Reconstruction  of  the 
>ad  to  Lake  Eleanor  will  require  construction  of  a  tunnel  about  500  ft.  long 
Lrough  the  granite  r-dge  forming  the  north  abutment  of  the  dam. 

The  cost  of  the  entire  work  in  and  around  the  reservoir,  including  con- 
ruction  of  the  dam,  clearing  reservoir  site,  and  other  accessories,  is  slightly  in 
ccess  of  $8,000,000.  The  enlargement  of  the  dam  is  estimated  to  cost  $4,000,000. 
elusive  of  interest  during  construction.  Upon  completion,  the  dam  was 
Ticially  named  O'Shaughnessy  Dam  in  honor  of  its  builder. 

Future  Development  Between  Reservoirs  and  Early  Intake: 

At  present  the  water  flows  from  the  reservoirs  to  Early  Intake  largely  in 
ie  natural  stream  channels.  The  water  from  Hetch  Hetchy  reservoir  flows 
)wn  Tuolumne  River  from  O'Shaughnessy  Dam.  which  is  167  mi.  from  San 
rancisco,  a  distance  of  12  mi.  to  Early  Intake.  The  water  from  Lake  Eleanor 
dws  about  8  mi.  in  Eleanor  Creek  and  Cherry  River  to  a  diversion  dam,  which 
irns  it  into  lower  Cherry  aqueduct.  This  aqueduct,  which  has  a  capacity  of 
)0  second  ft.,  is  approximately  314  mi.  long  and  consists  of  1.3  mi.  of  tunnel, 
1  mi.  of  concrete-lined  canal,  and  0.8  mi.  of  flume  and  steel  pipe.  A  tunnel 
55  mi.  long,  is  now  being  constructed  to  replace  the  flume.  A  36-in.  diameter 
,eel  diversion  pipe  0.63  mi.  long  connects  Cherry  aqueduct  to  the  reservoir  at 
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O'Shaughnessy  Dam  at  left  center. 
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EARLY  INTAKE  DIVERSION  DAM 


Early  Intake  diversion  dam  and  a  60-in.  steel  pipe  extends  from  the  Cherry 
power  house  tailrace  to  the  main  aqueduct  tunnel. 

Future  development  of  Lake  Eleanor  dam,  as  hereinbefore  outlined,  will 
be  followed  by  construction  of  a  concrete  aqueduct  about  8  mi.  long  from  Lake 
Eleanor  to  the  rim  of  Tuolumne  River  canyon  near  North  Mountain,  which  is 
above  Early  Intake.  Here  penstock  pipes  with  a  drop  of  over  2,000  ft.  will  carry 
the  water  to  North  Mountain  power  house,  where  40,000  h.p.  will  be  generated 
and  the  Lake  Eleanor  water  discharged  into  Tuolumne  River  to  enter  the 
aqueduct  at  Early  Intake  diversion  dam.  Future  development  of  power  from 
Hetch  Hetchy  reservoir  alone  is  planned  by  construction  of  a  tunnel  about 
11  mi.  long,  leading  from  O'Shaughnessy  Dam  along  the  southerly  canyon  wall 
of  Tuolumne  River,  from  which  penstock  lines  with  a  drop  of  about  1,200  ft. 
will  conduct  the  water  to  Early  Intake  power  house,  of  60,000  h.p.  capacity,  on 
the  bank  of  the  river  at  Early  Intake.  There  are  no  satisfactory  sites  for  forebay 
reservoirs  for  these  two  power  houses,  so  they  will  be  run  at  constant  load  and 
all  regulation  will  be  done  at  Moccasin  power  house. 

Early  Intake  Diversion  Works: 

At  Early  Intake,  155  mi.  from  San  Francisco  and  138  mi.  from  Crystal 
Springs  reservoir,  the  water  from  Hetch  Hetchy  is  turned  out  of  the  river 
channel  to  enter  the  aqueduct  leading  to  San  Francisco.  The  diversion  dam 
which  accomplishes  this  purpose  consists  of  a  thin  concrete  arch  262  ft.  long, 
with  a  concrete  spillway  130  ft.  long  containing  a  total  of  16,564  cu.  yd.  of 
1:2:4  concrete.  On  the  left  bank  is  the  aqueduct  intake  tower  in  which  the  flow 
is  regulated  by  nine  sluice  gates  each  4x5  ft.,  set  in  two  tiers  in  an  arch  of 
16-ft.  radius  abutting  against  the  solid  granite  canyon  wall.  The  dam  has  an 
upstream  radius  of  100  ft.  Thickness  at  the  crest  at  elev.  2,356  ft.  is  6  ft.,  at  the 
base  16  ft.  Height  above  river  bed  is  55  ft.  and  the  base  extends  26  ft.  down  to 


EARLY  INTAKE 


19 


solid  granite.  On  the  south,  or  left  bank,  the  arch  abuts  the  granite  canyon 
wall.  On  the  north  is  a  built-up,  concrete  abutment  block  containing  3,611  cu.  yd. 

From  this  block  the  spillway  extends  northerly,  divided  by  piers  into  5 
sections,  each  23  ft.  long,  in  which  automatic  radial  gates  have  been  installed, 
which  function  to  maintain  the  water  surface  at  elev.  2,346  ft.  or  5  ft.  above  the 
lip  of  the  spillway.  Tunnel  invert  at  inlet  is  at  elev.  2,326  ft.  A  siphon  arrange- 
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ment  automatically  lowers  these  spillway  gates  a  depth  of  5  ft.  to  pass  excess 
floods  and  allows  them  to  rise  automatically  after  the  flood  subsides.  In  con- 
structing the  arch  section  of  the  dam  two  vertical  openings  with  keyways  18  in. 
wide  were  left  at  the  points  of  approximate  zero  bending  moment  until  the  dam 
had  taken  final  set.  Then  in  the  extreme  cold  weather  these  keyways  were 
filled  with  concrete. 

Scouring  chambers  with  discharge  conduits  through  the  dam  are  provided 
in  front  of  the  fixed  grillage  at  the  gate  house  to  release  debris  and  other  refuse. 
Surplus  waters  not  diverted  into  the  aqueduct  here  pass  over  the  spillway  to 
continue  on  down  the  river  to  be  intercepted  about  40  mi.  below  by  the  Don 
Pedro  reservoir  of  Turlock  and  Modesto  Irrigation  Districts.  The  cost  of  the 
diversion  works,  including  dam,  spillway,  headworks,  and  appurtenances,  is 
about  |570,000. 

AQUEDUCT,  MOUNTAIN  DIVISION 

The  mountain  tunnels  extend  19  mi.  from  Early  Intake  to  Priest  reservoir. 
The  tunnel  is  generally  of  horseshoe  shape,  10  ft.  3  in.  diameter.  The  first  half- 
mile  of  tunnel  skirting  under  the  granite  canyon  wall  is  14  ft.  3  in.  high  by 
13  ft.  4  in.  wide,  with  top  arched  to  6  ft.  8  in.  radius,  bottom  to  20  ft.  5  in.  radius 
and  with  166.5  sq.  ft.  neat  excavation.  This  tunnel,  known  as  the  diversion 
tunnel,  is  unlined  except  for  a  few  short  stretches.  The  next  7  mi.,  in  solid 
granite,  is  excavated  to  13  ft.  6  in.  high  by  13  ft.  4  in.  wide,  with  top  arched  to 
15  ft.  radius  and  bottom  to  20  ft.  5  in.  and  is  not  lined.  It  has  a  neat  area  of 
167.8  sq.  ft. 

Near  Mile  5  the  tunnel  is  interrupted  by  225.5  ft.  of  9.5-ft.  diameter  riveted 
steel  pipe,  which  carries  the  flow  across  South  Fork  of  Tuolumne  River.  This 
pipe  is  a  continuous  beam  of  four  unequal  spans,  the  longest  being  74  ft.  across 
the  main  channel.  It  is  supported  on  concrete  piers  with  reinforcement  extend- 
ing into  holes  drilled  in  the  bed-rock.  An  expansion  joint  is  introduced  at  the 
point  of  contraflexure  nearest  the  upstream  anchor.  The  pipe  is  encircled  by 
angle-iron  stiffeners  to  prevent  flattening  and  is  covered  with  heavy  timber  to 
prevent  damage  from  stray  rocks  falling  from  the  cliffs  above.  In  addit  on  to 
the  usual  asphaltic  coating  the  pipe  is  painted  with  an  aluminum  preparation 
to  minimize  expansion  and  contraction  due  to  changes  of  temperature. 

The  remainder  of  the  tunnel,  about  11.5  mi.,  is  lined  throughout  with 
X-.iy^'Ayz  concrete  with  minimum  thickness  of  6  in.  It  is  of  horseshoe  shape 
10  ft.  3  in.  in  diameter  with  87.94  sq.  ft.  neat  area  inside  of  lining.  The  rock 
encountered  consists  of  diorite,  quartzite,  slate,  and  amphibolite  schist.  The 
tunnel  with  a  grade  of  0.00155,  or  about  8  ft.  per  mi.,  was  designed  for  capacity 
of  620  second  ft.,  but  under  certain  favorable  operating  conditions  may  carry 
one-sixth  extra  capacity. 

Excavation  was  carried  on  from  12  working  faces,  4  of  which  were  portals, 
4  from  adits  and  4  from  the  bottoms  of  two  shafts.  Big  Creek  shaft  was  646  ft. 
deep  and  Second  Garrote  shaft,  786  ft.  Haulage  in  the  tunnels  was  by  electric 
storage  battery  locomotives.  Electrically-operated  mucking  machines  were  used 
for  loading  materials  in  all  headings  except  from  the  shafts,  which  were  too 
small  to  allow  convenient  passage  of  the  electric  machines.  At  these  headings 
smaller,  air-operated  mucking  machines  were  used.  At  Second  Garrote  shaft, 
where  excessive  amounts  of  water,  as  high  as  2,000  gal.  per  minute,  were 
encountered,  a  steam-driven  air  compressor  was  maintained  as  a  reserve  or 
standby  service  to  insure  against  possible  failure  of  electric  power  supply  with 
consequent  drowning  of  the  shaft.  The  rate  of  progress  varied,  according  to 
the  ground  encountered,  from  300  ft.  to  700  ft.  per  month.    The  best  monthly 
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progress,  776  ft.,  made  from  Priest  Portal,  in  August,  1921,  established  a  Dew 
United  States  speed  record  up  to  that  time,  for  driving  hard-rock  tunnel  of  this 
maracter.  Inspection  of  the  tunnel  after  nine  years'  service  shows  hardly 
ippreciable  wear.  The  steel  pipe  at  South  Fork  shows  wear  of  .003  In.  at  the 
)ottom.  Cost  of  the  mountain  tunnels  is  about  $11,500,000. 
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AQUEDUCT,  MOCCASIN  DIVISION 

Priest  Regulating  Reservoir: 

At  the  west  end  of  the  mountain  tunnel  at  elev.  2,169  ft.  the  water  enters 
Priest  reservoir,  which  was  created  to  provide  forebay  capacity  for  flexible 
operation  of  Moccasin  power  plant.  Its  function  is  to  regulate  the  flow  of  water 
which  it  receives  at  a  constant  rate  of  620  second  ft.  or  better,  and  may  discharge 
at  a  variable  rate  ranging  from  nothing  to  1,240  second  ft.  through  Moccasin 
power  tunnel,  according  as  the  governors  automatically  allow  a  greater  or  a 
lesser  amount  of  water  to  pass  through  the  water  wheel  nozzles  as  the  demand 
for  power  increases  or  decreases.  The  forebay  reservoir,  made  by  constructing 
an  earth  fill  dam  across  Rattlesnake  Creek,  has  capacity  of  2,350  acre  ft.,  or  two 
days'  full  flow  of  the  aqueduct. 

The  dam  is  1,160  ft.  long,  147.5  ft.  high,  with  crest  elev.  2,245  ft.  The  base 
is  660  ft.  thick.  The  dam  contains  717,283  cu.  yd.  of  earth  and  rock  fill  and 
17,043  cu.  yd.  of  concrete  in  the  core  wall,  which  extends  15  ft.  deep  into  bed- 
rock. To  provide  a  certain  degree  of  flexibility  the  core  wall  is  divided  into 
panels  50  ft.  long  by  16  ft.  high,  which  dovetail  and  are  sealed  with  water  stops 
of  16-gauge  sheet  copper  in  the  joints  between  panels.  About  27  tons  of  copper 
are  used  for  this  purpose.  The  embankment  consists  of  rock  spoil  from  the 
tunnels  placed  in  the  upstream  and  downstream  toes,  earth  fill  in  the  upstream 
zone  placed  by  hydraul'c  methods,  and  earth  fill  in  the  downstream  section 
placed  by  dump  cars  from  steam  shovel  and  sluiced  into  place  by  water  jets. 
The  slope  of  the  upstream  face  is  2V2  to  1;  of  the  downstream  face  2  to  1,  except 
the  rock  toe,  which  is  1%  to  1.  The  upstream  face  is  covered  with  hand-placed 
riprap  to  prevent  erosion  from  wave  action.  A  concrete-lined  spillway  20  ft. 
wide  with  lip  at  elev.  2,240  ft.  protects  against  overtopping.  An  auxiliary  outlet 
and  drainage  tunnel  to  act  as  a  scouring  chamber,  6  ft.  in  clear  diameter  with 
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Inlet  at  elevation  2,120  ft.,  was  driven  through  the  solid  rock  of  the  east  abut- 
Inent  and  lined  with  12  in.  of  concrete.  Valves  in  this  tunnel  are  reached  by  a 
rrertical,  circular,  concrete  tower  of  6  ft.  inside  diameter.  The  tunnel  and  tower 
:ontain  1,954  cu.  yd.  of  concrete.  This  dam  was  completed  in  18  months  by  day 
abor  employees  under  the  direction  of  the  City  Engineer,  at  a  cost  of  approxi- 
mately §1,000,000. 

In  twelve  years  since  completion  of  the  dam,  the  downstream  fill  of  loose 
|;arth  and  rock  has  settled  9  ft.  or  6.2  per  cent  of  the  height,  while  the  hydraulic 
■ill  upstream  has  settled  2y2  ft.  or  1.7  per  cent.  The  flexible  corewall  has 
lieflected  downstream  about  3  ft.  Leakage  is  practically  constant  at  0.34  sec.  ft. 
hxcept  for  a  slight  variation  proportional  to  the  fluctuation  in  elevation  of  the 
[vater  in  the  reservoir. 

Moccasin  Power  Tunnel: 

I Water  discharging  from  the  reservoir  to  the  power  house  enters  Moccasin 
>ower  tunnel  at  elev.  2,145  ft.  through  a  concrete  control  tower,  oval  in  plan. 
;5x36  ft.,  inclusive  of  a  semicircular,  precast  screen  rack,  projecting  into  the 
eservoir.  The  structure  contains  2,765  cu.  yd.  of  1:2:4  concrete.  Six  elec- 
rically-operated  sluice  gates,  each  6x8  ft.,  provide  for  cutting  off  water  to  the 
unnel.  Manual  operation  is  also  possible  and  steel  shutters  are  provided  for 
solating  any  set  of  gates  for  repairs,  if  necessary.  Fixed  screens  with  manually- 
»perated  cleaner  prevent  fine  trash  from  entering  the  tunnel. 

The  tunnel  begins  as  the  frustum  of  an  oblique  cone  tapering  from  about 
.9  ft.  width  and  height  to  the  13-ft.  standard  horseshoe  section  in  a  distance  of 
;0  ft.  The  tunnel  section  is  141.47  sq.  ft.,  with  grade  of  6  ft.  per  1,000.  making 
ts  capacity  1,240  sec.  ft.  without  excessive  loss  of  head.  The  minimum  thick- 
less  of  concrete  inside  of  timbering  is  9  in.  and  the  concrete  averages  3.8  cu.  yd. 
)er  lineal  ft.    Total  concrete  and  grout  is  21,000  cu.  yd.    Material  encountered 
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MOCCASIN  SURGE  SHAFT  AND  PENSTOCK  PIPES 


was  andesite  and  amphibolite  schist,  part  of  which  was  crushed  for  concrete 
rock  and  part  used  for  the  riprap  face  on  Priest  Dam.  The  tunnel  extends  5,370 
ft.  to  the  inside  wall  of  a  surge  shaft  40  ft.  in  diameter,  which  serves  as  a  mani- 
fold for  the  three  penstock  pipes,  which  are  imbedded  in  concrete  in  tunnel 
535  ft.  long,  leading  from  the  opposite  side  toward  the  power  house.  The  cost  of 
the  power  tunnel,  inclusive  of  inlet  tower  and  surge  shaft,  is  approximately 
11,340,000. 

Surge  Shaft: 

The  surge  shaft,  of  reinforced  concrete,  is  designed  to  handle  surges  of  from 
35  to  40  ft.  The  floor  is  at  tunnel  grade,  elev.  2,112  ft.,  and  the  height  to  the 
rim  is  160  ft.  It  projects  48  ft.  above  the  surface  of  the  ground.  The  walls  of 
this  portion  range  in  thickness  from  24  in.  to  10  in.  and  contain  heavy  reinforce- 
ment, the  maximum  of  which  is  2  rings  of  1%-n.  square  bars  staggered  at  7  in. 
centers.  Accumulation  of  external  water  pressure  below  the  ground  surface 
which  might  result  from  saturation  from  surface  runoff,  is  prevented  by  a 
system  of  porous  cement  drain  tile.  The  shaft  contains  2,185  cu.  yd.  of  1:2:4 
concrete. 

Penstock  Pipes: 

The  three  penstock  pipes,  the  horizontal  length  of  which  is  5.349  ft.,  begin 
at  the  wall  of  the  surge  shaft,  each  as  the  frustum  of  an  oblique  cone  with  large 
diameter  12  ft.  4  in.  The  smaller  end  connects  to  the  104-in.  diameter  riveted 
steel  pipe.  About  50  ft.  westerly  from  the  tunnel  portal  in  each  line  a  104-in. 
diameter  butterfly  valve  has  been  installed.  The  most  southerly  pipe  is  dead- 
ended  at  the  valve  pending  future  extension,  when  two  more  generators  shall 
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have  been  installed  in  the  power  house.  The  butterfly  valves  are  motor-operated 
and  arranged  for  closing  by  remote  control  from  the  power  house.  As  a  matter 
of  precaution  the  opening  control  is  at  the  valve  only.  Two  sets  of  four  S-in.  air 
valves  are  installed  in  each  line  immediately  below  the  valves. 

At  elev.  2,070  ft.  the  pipe  diameter  reduces  from  104  in.  to  9S  in.  At  a  slope 
distance  of  2,111  ft.  the  pipes  branch  each  into  two  66-in.  diameter  pipes  with 
hammer  forge  welded  shop  joints  and  with  bumped,  riveted,  field  joints  of 
enlarged  section.  Above  the  branch  are  two  additional  sets  of  four  8-in.  air 
valves.  The  welded  pipes,  the  slope  length  of  which  is  3,469  ft.,  range  in  diam- 
eter from  66  to  54  in.  Immediately  before  entering  the  power  house  they  branch 
again,  each  into  two  36-in.  diameter  pipes  on  which  are  hydraulically-operated 
36-in.  gate  valves.  The  total  we.ght  of  pipe  is  6  200  tons. 

All  pipes  are  supported  on  concrete  piers  or  saddles  which  were  built  in 
advance  of  the  pipe  laying.  At  angles,  of  which  there  are  20,  either  horizontal, 
vertical  or  combined,  the  pipes  are  held  securely  by  concrete  anchors,  the 
largest  of  which  contains  839  cu.  yd.  of  concrete  and  7.64  tons  of  reinforcing 
steel.  Expansion  joints  are  provided  between  anchors.  At  the  98x66-in.  Y  branch 
is  a  special  sliding  anchor  in  which  the  upper  portion,  including  the  pipes,  can 
slide  on  cast  iron  plates  imbedded  in  the  fixed  concrete  of  the  lower  portion. 

The  cost  of  the  penstock  lines  is  approx  mately  S2, 456, 000. 
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MOCCASIN  POWER  PLANT 

This  power  plant,  the  largest  of  the  Hetch  Hetchy  system,  uses  the  full 
flow  of  the  aqueduct,  620  sec.  ft.,  or  greater,  dropping  1,316  ft.  from  2,240  ft., 
the  elev.  of  high  water  in  Priest  Reservoir,  to  924  ft.,  the  elev.  of  the  water 
wheel  nozzles. 

The  power  house,  as  at  present  built  for  four  units,  is  225  ft.  long,  98  ft. 
wide  and  67  ft.  high.  It  is  a  steel  frame  building,  with  massive  concrete  founda- 
tions resting  on  bed-rock  and  with  reinforced  concrete  walls.  The  architecture 
is  of  the  California-Spanish  style,  which  is  particularly  suited  to  the  site.  This 
building  houses  the  generators  and  low  voltage  switching  apparatus,  but  the 
step-up  transformers,  high  tension  switches  and  high  tension  buses  are  installed 
in  the  rear,  out-of-doors,  at  the  easterly  side  of  the  building.  The  buses  are 
carried  on  a  structural  steel  frame.  The  11,000-volt,  3-phase,  60-cycle  current 
generated,  is  stepper  up  to  115,000  volts  for  transmission  to  San  Francisco.  All 
apparatus,  however  is  designed  for  ultimate  operation  at  154,000  volts. 

The  water  wheels,  of  the  double  overhung  impulse  type,  operate  at  257 
r.p.m.  Each  has  a  rated  output  of  12,500  h.p.  or  25,000  h.p.  for  the  unit.  The 
rotating  part  of  each  unit  weighs  118  tons  and  can  be  handled  by  the  135-ton 
overhead  crane  installed  in  the  power  house.  The  water  wheel  rating  is  based 
on  an  effective  head  of  1,250  ft.  The  maximum  jet  diameter  is  11  in.  An  auxil- 
iary relief  needle  nozzle  is  set  directly  beneath  the  main  nozzle  and  connected 
therewith  in  such  manner  that  it  may  be  operated  as  a  synchronous  bypass,  or 
may  be  set  to  close  automatically  to  save  water. 
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The  rating  of  the  generators  is  20,000  kv-a.  These  generators  deliver  11,000 
volts  directly  to  the  transformers,  the  arrangement  of  the  power  house  being 
such  that  so  far  as  practicable  the  generators  and  the  transformers  operate 
together  as  a  unit,  provision  being  made  for  but  one  11,000-volt  bus  which  can 
be  used  to  connect  any  generator  to  any  bank  of  transformers  in  an  emergency. 
From  this  11,000-volt  bus  all  auxiliary  power  is  taken  for  use  in  the  operation 
of  the  station  and  for  two  22,000-volt  circuits  for  construction  work  along  the 
aqueduct  line. 

The  transformers  are  single  phase,  6,667  kv-a  capacity,  with  taps  which 
permit  of  their  being  operated  at  either  11,000  to  115,000  volts,  or  11,000  to 
1154,000  volts.  They  are  set  out-of-doors  in  banks  of  three;  complete  piping 
connections  are  provided  for  circulating  water  and  for  oil  filling  and  filtering. 
Tracks  and  transfer  cars  permit  of  any  transformers  being  moved  into  the  power 
house  under  the  crane  for  repairs.  The  cost  of  the  power  house,  inclusive  of 
machinery,  is  about  $2,400,000. 

POWER  TRANSMISSION  LINE 

From  the  switching  station  behind  the  power  house  eventually  four  154,000- 
volt  circuits  will  be  carried  to  San  Francisco  on  two  double  circuit  steel  tower 
lines.  At  present  one  double  circuit  line  has  been  built  to  Newark  on  San  Fran- 
cisco Bay,  a  distance  of  98*4  mi.  from  the  power  house;  506  towers  are  employed 
in  this  distance — an  average  spacing  of  1,000  ft.  They  are  placed  20  ft.  south  of 
the  northerly  boundary  of  a  110-ft.  right  of  way  strip,  to  be  supplemented  in 
the  future  with  a  similar  line  on  the  southerly  side.  The  distance  between  lines 
is  24  ft.  at  the  top  arm,  28  ft.  at  the  middle  arm,  and  24  ft.  at  the  bottom  arm. 
The  vertical  spacing  between  conductors  is  15  ft.  The  lowest  cross-arm  is  62  ft. 
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above  the  ground.  The  conductors  from  the  power  house  to  a  point  within  a  few 
miles  of  the  bay  are  397,500-c.m.  steel  reinforced  aluminum  conductors.  From 
the  point  where  bay  fog  is  encountered  hemp  cored  copper  conductors  are  used. 
These  have  a  cm.  capacity  of  345.000  with  an  external  diameter  of  %  in.  At 
suspension  points,  10  units  of  Westinghouse  No.  601  insulators  are  used,  while 
at  dead-end  and  other  points  of  stress,  12  Westinghouse  No.  631  insulators  are 
employed.   Vibration  dampers  have  been  installed  on  the  entire  line. 

Operation  of  the  present  two  circuits  in  parallel,  as  will  normally  be  the 
case,  will  permit  of  transmitting  the  power  generated  at  the  Moccasin  plant 
with  a  line  loss  of  approximately  8  per  cent,  and  when  one  line  must  be  taken 
out  of  commission  temporarily,  the  remaining  circuit  will  still  have  capacity  to 
transmit  the  output  of  the  plant  to  San  Francisco.  The  cost  of  the  transmission 
system  is  approximately  $1,800,000. 

Upon  construction  of  the  two  future  plants  near  Early  Intake,  the  installed 
capacity  at  the  Moccasin  plant  will  be  increased  from  100,000  to  150,000  h.p.  so 
that  this  plant  may  be  used  for  all  regulation  of  the  system. 
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AQUEDUCT,  FOOTHILL  DIVISION 

This  unit  extends  16.3  mi.  from  the  tail-race  of  Moccasin  power  plant  to  the 
easterly  edge  of  San  Joaquin  Valley  above  Oakdale  and  comprises  Moccasin 
dam  the  Foothill  tunnels  and  the  Red  Mountain  Bar  pipe  line. 

Moccasin  Dam: 

The  flow  of  water  discharged  from  Moccasin  power  house  varies  greatly 
throughout  the  day  in  proportion  to  the  demand  for  electrical  energy,  and  since 
the  flow  in  the  aqueduct  beyond  this  point  for  water  supply  purposes  must  be 
at  an  approximately  uniform  rate,  it  was  desirable  to  construct  a  tail-race  reser- 
voir of  about  500  acre  ft.  (160  m.g.)  to  regulate  the  differences  in  flow,  reversing 
the  function  of  the  Priest  forebay  reservoir. 

A  reservoir  was  made  by  construction  of  a  dam  across  Moccasin  Creek  about 
1  500  ft.  downstream  from  the  power  house.  The  watershed  of  Moccasin  ("reek 
tributary  to  this  reservoir  consists  largely  of  cattle  ranges  and  during  future 
delivery  of  water  to  San  Francisco  it  is  planned  to  bypass  this  local  polluted 
water  by  construction  of  an  upstream  dam  and  completion  of  a  bypass  conduit 
already  begun,  which  will  lead  the  water  from  the  upper  dam  through  the 
reservoir  to  be  released  below  the  lowTer  dam.  An  auxiliary  outlet  tower  may 
be  used  to  drain  the  reservoir  through  the  bypass  conduit. 

The  present  dam  is  855  ft.  long  and  50  ft.  high,  with  crest  at  elev.  927  ft. 
The  central  portion  is  earth  fill  while  both  upstream  and  downstream  toes  are 
rock  fill.  Total  embankment  is  143,341  cu.  yd.  The  core-wall  is  monolithic  rein- 
forced concrete  with  thickness  varying  from  14  in.  to  18  in.  Beneath  its  base, 
which  is  4  ft.  thick,  the  slate  foundation  was  thoroughly  grouted.  The  core  wall 
contains  3,600  cu.  yd.  of  concrete. 

The  spillway  is  of  the  overflow  type,  with  9,000  sec.  ft.  capacity.  Its  lip  at 
911  ft.  elev.  sets  the  storage  at  114  m.g.  Eventually  automatic  gates  will  be 
installed  to  hold  the  normal  water  surface  at  920  ft.  elev.  and  provide  storage 
of  205  m.g.  or  630  acre  ft. 

The  flow  from  the  reservoir  through  the  main  outlet  tower  to  the  aqueduct 
tunnel  is  controlled  by  two  6-ft.  x  8-ft.  6-in.  electrically  operated  slide  gates  in  a 
reinforced  concrete  tower  directly  over  the  tunnel  portal. 

The  dam  and  appurtenances,  including  diversion  of  streams,  were  completed 
in  1930  at  a  cost  of  approximately  8640,000. 

Foothill  Tunnel: 

From  this  reservoir  a  tunnel  leads  westerly  to  the  edge  of  the  San  Joaquin 
Valley,  a  distance  of  15.8  mi.  Tunnel  invert  elevations  are  SSI  ft.  at  inlet  and 
747  ft.  at  outlet.  This  tunnel.  10  ft.  3  in.  diameter  with  a  fall  of  8  ft.  per  mi.,  the 
same  as  the  mountain  tunnel,  has  a  capacity  in  excess  of  400  m.g.d.  At  a  point 
5.2  mi.  westerly  from  the  reservoir  the  tunnel  emerges  to  the  canyon  wall  of 
Tuolumne  River,  which  is  crossed  by  the  Red  Mountain  Bar  pipe  line,  0.5  mi.  in 
length,  which  will  be  described  below.  The  foothill  tunnel  is  of  approximately 
the  same  characteristics  as  those  of  the  mountain  tunnel  already  described. 

Upon  the  beginning  of  construction,  day  labor  employees  of  the  Heteh 
Hetchy  department  installed  all  the  necessary  appurtenances,  such  as  water 
systems,  power  and  telephone  lines,  roads  and  camps  and  all  necessary  con- 
struction plant.  This  was  followed  by  their  driving  about  1.000  ft.  of  tunnel  in 
each  heading  so  that  contractors  who  intended  bidding  on  the  work  might 
observe  the  character  of  material  and  be  given  every  opportunity  to  understand 
the  conditions  so  that  they  would  not  have  to  include  excessive  amounts  for 
unknown  hazards. 
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Upou  receipt  of  bids  it  was  considered  advisable  to  let  about  half  of  the 
tunnel  work  by  contract  and  to  do  the  remainder  by  day  labor  employees. 
A  keen  rivalry  sprang  up  between  the  day  labor  employees  of  the  City  and  the 
contractors'  forces,  which  resulted  in  exceptional  progress  being  made.  Three 
times  the  day  labor  employees  broke  existing  records  for  speed  in  driving 
tunnel,  establishing  a  final  record  of  803  ft.  of  advance  in  the  month  of  Septem- 
ber, 1927.  The  costs  of  driving  were  $35.53  per  ft.  by  day  labor  crews,  as  against 


RED  MOUNTAIN  BAR  PIPE  LINE  AND  SITE 
OF  PROPOSED  POWER  HOUSE 


SAN  JOAQUIN  PIPE  LINE 
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40.49  by  the  contractors'  forces.  In  placing  concrete  lining  the  cost  by  day 
ibor  was  $36.11  per  ft,  as  against  the  contractors'  $47.38  per  ft.  The  total  cost 
f  these  tunnels  was  approximately  $8  000,000. 

Two  overflow  shafts  were  constructed  on  this  tunnel,  one  at  the  easterly 
de  of  Red  Mountain  Bar  crossing  and  the  other  near  Oakdale  portal. 

Red  Mountain  Bar  Pipe  Line: 

The  canyon  of  Tuolumne  River  is  crossed  at  Red  Mountain  Bar  by  a  9^-ft. 
ia.  pipe  line  2,387  ft.  long,  with  normal  capacity  of  620  sec.  ft.  At  the  inlet  end 
a  sandtrap  28  ft.  long.  At  the  outlet  end  is  a  wasteway  22  ft.  long,  equipped 
ith  a  radial  gate.  This  wasteway  serves  to  discharge  such  water  as  is  brought 
om  Moccasin  reservoir  and  is  not  transmitted  westerly  through  the  Foothill 
(annel. 

The  pipe  siphon  was  laid  in  two  units.  In  1922  and  1923,  Turlock  and 
odesto  Irrigation  Districts  were  constructing  Don  Pedro  dam  to  flood  the 
Imyon  at  the  pipe  crossing  site  to  a  depth  of  about  80  ft.  At  that  time  the  City 
id  770  ft.  of  riveted  steel  pipe  in  a  bed-rock  trench  crossing  beneath  the  river 
id  extending  on  both  sides  to  above  high-water  level  of  the  reservoir.  This 
pe  is  lined  with  IV2  in.  of  cement  mortar  and  is  encased  in  concrete  from  18  in. 

2  ft.  in  thickness. 

The  second  unit  of  pipe,  that  above  the  reservoir,  was  laid  in  1932.  The 
haviest  portion  has  triple-riveted,  double  butt-strap  longitudinal  joints  and  is 
ade  from  %  in.  plate.  Steel  angle  stiff ener  and  anchor  rings  were  used.  The 
nged  type  of  support  is  apparently  the  second  installation  of  its  kind  in  this 
iuntry.  The  pipe  is  exposed  and  is  painted  with  aluminum  paint. 

On  the  east  side  is  a  taper  section  34  ft.  long  in  which  the  pipe  throttles 
>wn  to  5  ft.  dia.  and  in  which  a  temporary  Venturi  meter  has  been  set.  The 
eter  has  capacity  of  1,050  sec.  ft.  or  678  m.g.d.  with  maximum  water  velocity 
53.6  ft.  per  sec.  To  permit  the  use  of  a  standard  manufactured  manometer 
ith  capacity  of  331  in.  of  water  differential  head,  the  upper  piezometer  tap  is 
it  in  the  taper  section  2  ft.  above  the  throat. 

Red  Mountain  Bar  Power  House: 

During  the  early  years  of  operation  of  the  Hetch  Hetchy  system,  only  a 
iall  portion  of  the  entire  water  yield  will  be  carried  beyond  Red  Mountain  Bar, 
iiile  the  greater  part  will  waste  back  into  the  river  at  that  point.  This  provides 
l  ideal  opportunity  for  power  development,  as  only  a  short  penstock  pipe  will 
i  required  and  the  main  transmission  line  is  just  alongside  the  aqueduct.  It  is 
timated  that  a  30,000  horsepower  plant  which  may  be  erected  here  for  approxi- 
ately  $1,000,000  will  produce  a  revenue  of  about  $500,000  annually  in  its  early 
ars  of  operation. 

AQUEDUCT,  SAN  JOAQUIN  DIVISION 

The  San  Joaquin  Valley  is  crossed  by  a  pipe  line  47^  mi.  long,  of  5  ft. 
minal  dia.,  with  an  initial  capacity  of  70  m.g.d.,  which  eventually  may  reduce 

60  m.g.d.  The  pipe  extends  from  Oakdale  portal,  the  end  of  the  Foothill 
nnel,  at  elev.  747  ft.,  to  Tesla  portal,  about  8  mi.  south  of  Tracy,  the  beginning 

the  Coast  Range  tunnel,  at  elev.  399  ft.  Eventually  the  aqueduct  here  will 
nsist  of  3  pipe  lines  6  ft.  or  greater  in  diameter,  but  economic  studies  indicated 

3  advisability  of  a  5-ft.  pipe  initially.  The  pipe  actually  comprises  10  mi.  of 
•in.  pipe,  28  mi.  of  58-in.,  5  mi.  of  62-in.,  4.4  mi.  of  66-in.,  and  0.1  mi.  of 
■in.  pipe.  All  shop  seams  are  electrically  welded,  but  the  circumferential  joints 
3  riveted. 
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SAN  JOAQUIN  PIPE  LINE,  ELLIOTT  CUT  VALVE  HOUSE  INTERIOR 


As  a  result  of  soil  surveys  several  different  types  of  pipe  protection  were 
used.  All  pipe  was  dipped  in  a  hot  asphaltic  bath  to  receive  a  coating  with  final 
thickness  of  at  least  1-16  in.  In  the  dry  non-corrosive  soil,  additional  protection 
was  given  by  wrapping  the  pipe  with  40-lb.  asphalted  felt.  In  slightly  corrosive 
soils  or  in  locations  that  although  dry  now  may  later,  if  placed  under  irrigation, 
develop  corrosive  properties,  the  felt  wrapping  was  supplanted  by  a  %-in. 
coating  of  12  sk.  per  yd.  cement  mortar  with  wire  mesh  insertion.  In  the  very 
wet  land  at  and  adjacent  to  the  river  crossing,  an  area  that  eventually  may  be 
submerged  by  any  plan  of  state  water  conservation,  the  concrete  envelope  is 
2  in.  thick,  except  that  where  the  external  load  is  heavy  this  thickness  was 
increased  to  6  in.  and  the  pipe  rests  on  concrete  saddles  on  pile  bents. 

At  the  crossing  of  San  Joaquin  River  and  at  Elliott  Cut,  both  of  which  are 
classed  as  navigable  streams  the  pipe  is  depressed  below  steam  bed,  the  bottom 
being  15  ft.  below  low  water  surface,  and  rests  on  concrete  saddles  supported 
by  timber  piling.  It  is  encased  in  a  reinforced  concrete  jacket  6  in.  thick,  poured 
in  place  with  the  pipe  under  pressure  and  is  lined  internally  with  cement  plaster 
of  minimum  thickness  of  iy2  in.  This  river  crossing  work  required  the  con- 
struction of  two  cofferdams  similar  to  the  work  done  at  Red  Mountain  Bar 
crossing.  At  Tesla  portal  the  72-in.  pipe  enters  a  side  outlet  of  a  lOMrft.  dia. 
steel  pipe  lined  and  jacketed  with  concrete,  which  connects  to  the  portal. 

Automatic  stop  and  relief  valves  and  pressure  relief  valves  were  installed 
to  forestall  difficulty  in  the  event  of  breakage  of  the  pipe  or  development  of 
excessive  pressure.  The  cost  of  the  San  Joaquin  division  is  about  $4,500,000. 
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AQUEDUCT,  COAST  RANGE  DIVISION 

The  Coast  Range  division  of  the  aqueduct  extends  from  Tesla  portal,  at 
P  ft.  elev.,  the  end  of  the  San  Joaquin  pipe  line,  29.1  mi.  in  a  general  westerly 
Id  southwesterly  direction  to  Irvington  Portal,  at  elev.  316  ft.,  near  Mission 
In  Jose.  It  consists  of  a  25-mi.  continuous  tunnel,  the  longest  ever  attempted 
I  man,  and  a  3.5  mi.  tunnel  separated  by  a  pipe  line  0.6  mi.  in  length  across 
13  valley  of  Alameda  Creek. 

The  finished  tunnel  is  a  10-ft.  6-in.  diameter  circle  with  concrete  lining 
trying  in  thickness  from  6  in.  to  3  ft.  Although  this  tunnel  has  approximately 
■3  same  cross-section  area  as  the  tunnels  heretofore  constructed,  it  is  built  on 
Blatter  grade  (about  3  ft.  per  mi.)  with  a  capacity  of  250  m.g.d.  On  this  flatter 
Aide  it  would  be  necessary  to  make  the  tunnel  about  13  ft.  in  diameter  to  carry 
1 3  same  flow  as  the  mountain  and  foothill  tunnels.  An  alternative  method  was 
■  construct  the  tunnel  in  installments,  making  one  tunnel  10  ft.  6  in.  in  diameter 
|w,  to  be  paralleled  in  future  with  a  similar  tunnel.  Under  future  operating 
Inditions  each  of  these  tunnels  would  have  a  normal  capacity  of  200  m.g.d. 
l.e  saving  in  cost  in  now  constructing  the  smaller  tunnel,  as  against  the  larger 
Imel,  with  future  interest  accumulations,  will  be  far  more  than  sufficient  to 
instruct  a  second  parallel  tunnel  at  a  future  date.  It  was  therefore  determined 
I  construct  at  this  time  a  first  tunnel  10  ft.  6  in.  in  diameter  and  to  parallel  it 
I  future  with  a  similar  tunnel,  175  ft.  south  of  the  present  one. 

In  the  25-mi.  tunnel  five  shafts  were  sunk  from  depressions  at  the  surface 
Iwn  to  the  tunnel  grade.  The  shafts  are  midway  of  the  right  of  way  and  from 
Ich  shaft  a  cross-cut  was  driven,  north  95  ft.  and  south  80  ft.  to  the  respective 
later  lines  of  the  present  tunnel  and  the  future  tunnel.  The  shafts  and  cross- 
fits  are  concrete  lined,  so  as  to  be  available  for  the  future  work.  From  the 
irth  end  of  the  cross-cut  the  present  tunnel  was  driven  both  east  and  west. 

All  of  the  machinery  on  this  tunnel  construction  was  operated  with  elec- 
Icity  as  the  primary  source  of  power.  The  most  convenient  source  for  this 
|wer  was  the  main  Hetch  Hetchy  transmission  line  from  Moccasin  to  Newark, 
liich  parallels  the  tunnel  work.  At  a  site  on  Arroyo  Seco,  nine  miles  south- 
Ist  of  Livermore,  a  2.8-acre  tract  of  land  was  purchased  and  a  substation 
[beted.  This  station  took  power  from  either  of  the  two  high-voltage  circuits 
fid  stepped  it  down  from  102,000  to  22.000  volts,  which  was  determined  as  the 
|!)st  satisfactory  voltage  for  transmission  along  the  aqueduct.  The  energy 
|ssed  through  a  bank  of  three  2,000-kw.  single  phase  transformers.  A  fourth 
ftnsformer  was  provided  as  a  spare.  From  these  transformers  a  30-mi.  trans- 
fusion line  consisting  of  two  3-phase  22-kv.  lines  transmitted  the  power  to  the 
I  rious  camps  along  the  tunnel  route. 

Substations  with  capacity  of  600  kv-a  were  installed  at  the  shaft  camps. 
J  portal  camps  the  installation  was  300  kv-a.   In  these  stations  the  trans- 
tmiers  stepped  down  the  power  to  3-phase  440-volt  power  current  and  110---'" 
|  It  lighting  current. 

The  location  of  the  tunnel  follows  generally  along  the  line  of  the  "Freeman 
fan,"  but  as  a  result  of  detail  geological  studies,  aided  by  diamond  drill  bor- 
;?s,  it  was  shifted  somewhat  to  the  south  to  minimize  the  length  through  the 
..□logical  formations  that  presented  the  greatest  difficulties  to  construction. 

Geologically  considered,  the  tunnel  has  been  of  extreme  interest  in  the 
I  Usil  remains  discovered  in  the  Tesla-Thomas  section,  among  which  are  an 
|  imonite  whose  age  is  estimated  at  33,000,000  years,  teeth  of  the  three-toed 
rse,  an  elephant's  foreleg,  and  the  skull  of  a  Pliocene  camel.  In  one  section 
the  tunnel,  5,401  ft.  east  of  Valle  shaft,  granite  was  penetrated,  the  first  time 
is  rock  has  been  encountered  in  this  section  of  the  Coast  Range. 
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10-6  dia. 


l0'-6"dia. 


HETCH  HETCHY  WATER  SUPPLY  of  the  city  and  county  of  SAN  FRANCISCO  CALIFORNIA 

MAIN  AQUEDUCT  -  COAST  RANGE  DIVISION 


Excavation  of  Shafts  and  Tunnels: 

In  the  Spring  of  1927,  the  sinking  of  shafts  began.  In  September,  1928,  the 
first  tunnel  excavation  began.  In  June,  1930,  almost  1  mi.  of  tunnel  driving  was 
accomplished  in  the  14  headings  then  open.  In  the  following  month  a  gas 
explosion  cost  the  lives  of  12  men.  Although  the  work  had  been  carried  on  under 
the  strictest  safety  methods  ever  used  in  California,  more  stringent  rules  were 
adopted  and  much  new  equipment  was  put  in  service,  such  as  had  never  before 
been  used  west  of  the  Rocky  Mountains,  some  of  which  required  months  for 
delivery. 

Not  only  did  dangerous  gases,  such  as  hydrogen  sulphide  and  methane, 
make  the  work  hazardous,  but  quicksand,  swelling,  running,  and  heavy  ground 
proved  serious  deterrents  to  progress.  In  many  places  the  ground  swelled  as 
soon  as  it  was  opened,  making  it  necessary  to  dispense  with  timbering  and  to 
hold  the  ground  preparatory  to  concrete  lining,  by  placing  annular  rings  of 
gunite  concrete.  In  the  last  600  ft.  of  tunnel  driven,  it  was  necessary  to  leave  a 
clear  space  of  one  foot  between  this  gunite  and  the  excavated  bore  of  the  tunnel 
into  which  the  ground  might  squeeze  while  the  quick-setting  cement  might  take 
its  set  and  develop  its  strength.  At  this  location  the  18-ft.  diameter  bore  had 
been  squeezed  overnight  down  to  12  ft. 
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Ordinarily  the  ground  was  held  by  timbering,  the  standard  sets  being  8x8-in. 
tnbers  at  5-ft.  centers.  In  heavier  ground  the  size  of  timbers  was  increased 
id  if  necessary,  intermediate  sets  were  used.  The  heaviest  timbering  consisted 
I  16x24-in.  timbers  at  2%-ft.  centers.  The  method  of  gunite  lining  superseded 
lis  excessively  heavy  timbering. 

The  progress  of  excavation  is  shown  in  the  following  table: 


Hetch  Hetchy  Water  Supply — Coast  Range  Tunnel 


*\  v .  ud  1 1  y 

Time 

prog,  al- 

porrppfpd 

lOW  Ml-! 

for  major 

for  major 

Elapsed 

shut 

shut 

Date  began 

Date  holed 

Distance, 

time, 

downs, 

downs, 

Heading 

tunnel 

through 

feet 

days 

days 

feet 

Fsla  Portal,  west 

9-  6-28 

3-  4-31 

13,904 

910 

814 

17.0 

?  omas  Shaft,  east 

11-20-28 

3-  4-31 

9,405 

835 

835 

11.2 

?  omas  Shaft,  west 

11-20-28 

6-  7-33 

12  801 

1662 

1425 

9.0 

I  tchell  Shaft,  east 

2-14-30 

6-  7-33 

9,639 

1210 

1120 

8.6 

Ftchell  Shaft,  west 

1-  9-30 

1-  5-34 

12,856 

1457 

1435 

9.0 

I  >cho  Shaft,  east 

10-13-28 

1-  5-34 

15,105 

1910 

1833 

8.2 

fc>cho  Shaft,  west 

10-20-28 

5-12-32 

7,926 

1299 

1130 

7.0 

\  lie  Shaft,  east 

12-23-28 

5-12-32 

7,375 

1236 

921 

8.0 

\  lie  Shaft,  west 

12-23-28 

1-14-33 

11,280 

1484 

1421 

8.0 

[  iian  Creek  Shaft,  east 

9-26-28 

1-14-33 

15,590 

1571 

1547 

10.1 

Llian  Creek  Shaft,  west 

9-26-28 

7-29-32 

3.949 

1402 

543 

7.3 

I  imeda  East  Portal 

11-  3-28 

7-29-32 

13,189 

1364 

1364 

9.7 

i  imeda  West  Portal 

1-29-29 

8-11-31 

8,812 

824 

824 

10.7 

I  ington  Portal 

12-  1-28 

8-11-31 

9,381 

984 

924 

10.1 

Total,  151,212 

The  following  quotation  from  the  June,  1934,  number  of  "California  Safety 
Iws,"  published  by  the  Industrial  Accident  Commission,  State  of  California, 
sof  interest: 


"The  underground  department  of  the  Empire  Mine,  and  the  Coast  Range 
I  vision,  Hetch  Hetchy  Water  Supply  Shaft  Sinking  and  Tunneling,  Livermore, 
(Blifornia,  were  given  certificates  of  honor  for  safety  achievement.  In  the  latter 

□  Brations,  four  shafts  were  sunk  a  total  of  1555  feet,  ll1/^  miles  of  tunnel  were 
aven,  776  870  cubic  yards  of  material  excavated  and  8,075,760  man-hours 
«rked  without  a  fatality. 

"In  a  letter  regarding  this  certificate  of  honor,  Scott  Turner,  Director  of 
a;  U.  S.  Bureau  of  Mines  and  President  of  the  Joseph  A.  Holmes,  Safety  Asso- 
ffltion,  stated,  'Performances  of  this  kind  indicate  that  tunnels  can  be  driven 
«;h  comparative  freedom  from  casualties,  and  thus  give  us  all  new  hope  that 
ilthe  future,  accident  rates  will  continue  to  decrease.'  " 

The  observance  of  safety  rules  in  the  tunneling  operations  was  supervised 

□  C.  H.  Fry,  Superintendent  of  Safety  of  the  Industrial  Accident  Commission 
a  the  State  of  California.  Mr.  Fry  was  in  constant  contact  with  the  work  and 
^ill  qualified  to  comment  thereon.  We  quote  from  a  letter  over  his  signature: 

"I  have  endeavored  to  give  you  just  a  slight  understanding  of  the  diffi- 
(  ties  that  have  been  encountered  as  there  have  been  so  much  injustice  and 
\  "air  criticism  of  the  progress  which  has  been  made  in  these  tunnels.  I  believe 
t  t  had  these  tunnels  been  started  on  a  contract  that  the  contractor  would  soon 
1  re  thrown  up  his  contract  and  the  bonding  company  would  have  forfeited  the 
Bid,  rather  than  to  attempt  to  complete  the  contract.  I  trust  that  some  day 
tji  re  may  be  a  complete  report  of  this  project  made  and  credit  given  to  the  man 
i|o  have  worked  so  hard  and  under  such  unusual  and  difficult  conditions  with 
t  ir  only  reward  to  date  of  unjustified,  adverse  criticism." 
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TYPICAL  TUNNEL  TIMBERING 


Lining  the  Tunnel  with  Concrete: 

Concrete  lining  operations  were  carried  on  from  three  central  batching 
plants,  planned  to  handle,  respectively,  180,000,  130,000,  and  150,000  cu.  yd.  of 
concrete,  with  a  maximum  underground  haul  of  7  mi.  The  dry  aggregate  was 
trammed  through  the  tunnel  to  a  mixer,  where  the  water  was  added,  the  con- 
crete mixed  and  then  placed  by  pneumatic  gun,  using  collapsible  steel  forms. 

The  thickness  and  class  of  concrete  lining  were  determined  from  pressure 
measurements  on  test  sections  and  from  the  observed  condition  of  timbers  after 
having  been  in  service.  Thickness  of  concrete  ranges  from  10  in.  to  3  ft.  The 
standard  mix  used  was  proportioned  to  give  a  strength  of  3  000  lb.  per  sq.  in. 
in  28  days,  but  in  some  cases,  4,000-lb.  concrete  was  used.  The  gunite  used 
developed  a  strength  of  well  over  6,000  lb.  In  no  case,  where  standard  lining 
has  been  placed,  has  there  been  any  concrete  failure. 

Grouting,  after  placing  lining",  was  carried  on  in  one  or  two  steps,  first,  at 
about  60  lb.  pressure,  this  be'ng  followed  by  100  lb.  pressure  where  water  bear- 
ing seams  were  encountered.  It  is  considered  practically  impossible  to  shut  off 
leakage  of  ground  water  completely,  but  the  work  was  done  with  the  greatest 
care  so  as  to  obviate  complaints  of  drying  up  neighboring  springs  and  wells. 

Prior  to  the  Charter  of  1932,  the  tunnel  work  had  been  carried  on  by  the 
direct  day  labor  employees  of  the  Hetch  Hetchy  department  who  had  so  suc- 
cessfully completed  the  foothill  tunnels.  This  new  Charter  required  the  calling 
of  bids  for  completion  of  the  tunnel  work.  The  department  on  its  bid  of 
$5,257,665,  which  was  $557  670  lower  than  the  next  lowest  contractor's  bid,  was 
awarder  the  contract  by  the  Public  Utilities  Commission,  and  has  completed  the 
work  at  a  substantial  saving  below  the  bid  prices. 

The  crosscut  entrances  to  the  tunnel  are  closed  by  a  plug  of  concrete  with 
a  cast  steel  manhole  6  ft.  square  to  allow  passage  of  a  mine  locomotive,  cars, 
air  and  water  pipes,  etc.,  in  case  of  possible  repair  of  the  tunnel.  The  covers 
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have  check  valves  fitted  with  stainless  steel  and  nickel-chrome  steel  to  resist 
the  action  of  corrosive  ground-water. 

Overflow  shafts  were  constructed  at  Tesla  portal  and  the  two  portals  at 
Alameda  Creek.  The  former  discharges  directly  into  an  existing  water-course, 
while  the  two  latter  have  pipe  connections  to  discharge  into  Alameda  Creek. 

Alameda  Siphon: 

The  valley  of  Alameda  Creek  is  crossed  by  a  69-in.  diameter  steel  cylinder 
reinforced  concrete  pipe  line  3,087  ft.  long  between  the  two  tunnel  portals.  The 
tunnel  structure  is  in  each  case  extended  as  10 ^-ft.  dia.  steel  pipe  jacketed  with 
concrete  and  lined  with  cement  mortar,  to  a  steel  manifold  with  a  side  outlet 
for  the  concrete  p"pe.  A  48x36-in.  connection  was  made  for  the  Calaveras  pipe 
line  and  a  42-in.  nozzle  was  placed  but  not  connected,  for  possible  use  of  the 
Corral  Hollow  emergency  pipe  line. 

Emergency  Pipe  Line: 

This  latter  pipe  line  was  constructed  as  an  emergency  measure  in  1931-32 
as  a  by-pass  of  the  uncompleted  section  of  the  Coast  Range  tunnel.  It  consists 
of  24  mi.  of  44,  40  and  36-in.  pipe,  extending  from  Thomas  shaft  to  Alameda 
Creek,  and  was  proposed  to  be  used  with  the  sections  of  tunnel  from  Tesla  portal 
to  Thomas  shaft,  and  Alameda  portal  to  Irvington  portal  to  bring  in  Hetch 
Hetchy  water  by  pumping  over  a  1,600-ft.  summit  prior  to  completion  of  the 
tunnel.  Its  construction  was  prompted  by  the  dangerously  low  stage  of  the  penin- 
sula reservoirs  after  a  long  series  of  unprecedentedly  dry  winters.  Luckily, 
by  the  time  of  completion  of  pipe-laying,  a  favorable  winter  replenished  the 
reservoirs  to  a  safe  condition.  The  pumps,  although  purchased,  were  not 
installed.  As  there  has  been  no  occasion,  as  yet,  to  salvage  the  pipe,  it  has  been 
left  in  the  ground  as  a  safeguard  and  could  be  put  into  service,  if  necessary, 
after  a  short  construction  period. 
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AQUEDUCT,  BAY  CROSSING  DIVISION 

From  Irvington  portal,  the  end  of  the  Coast  Range  tunnel,  at  elev.  316  ft.,  a 
pipe  line  extends  down  to  San  Francisco  Bay,  crossing  it  at  the  narrow  Dum- 
barton Strait,  then  passing  through  Redwood  City  to  Pulgas  tunnel,  which  dis- 
charges into  upper  Crystal  Springs  reservoir  at  elev.  290  ft.  The  first  Bay  Cross- 
ing pipe  line  consists  of  1.33  mi.  of  57-in.  dia.  steel  cylinder  reinforced  concrete 
pipe,  19.33  mi.  of  60-in.  riveted  steel  pipe  and  0.60  mi.  of  42-in.  dia.  flexible  joint 
cast  iron  submerged  pipe  at  Newark  Slough  and  Dumbarton  Strait.  The  capacity 
of  this  division,  which  is  now  45  m.d.g.,  will  be  increased  to  114  m.g.d.  by  con- 
struction of  pipe  line  No.  2,  which  is  now  under  construction.  The  new  pipe  Lne 
consists  of  76-in.  and  66-in.  diameter  steel  pipe,  and  62-inch  diameter  reinforced 
concrete  pipe.  Two  new  submarine  pipes  54  in.  in  diameter  will  be  laid  across 
the  navigable  channel. 

At  the  navigable  channel  of  the  Bay,  the  pipe  is  laid  in  a  trench  as  deep  as 
25  ft.  in  the  mud  and  70  ft.  below  water  surface.  The  westerly  end  of  the  sub- 
merged pipe  enters  a  concrete  caisson  in  the  form  of  the  frustum  of  an  oblique, 
hexagonal  pyramid  with  external  diameter  of  8iy2  ft.  at  the  base  and  40  ft.  at 
the  top,  which  rests  on  715  piles.  This  caisson  forms  the  first  pier  of  a  bridge 
of  36  steel  spans,  each  105  ft.  long,  all  on  concrete  piers  resting  on  piles,  which 
extends  westerly  to  the  San  Mateo  County  shore  near  Ravenswood  Point.  The 
construction  of  this  concrete  caisson  was  exceedingly  difficult.  Connections  are 
provided  in  it  for  three  submerged  pipes  in  addition  to  the  present  installed  one 
and  it  may  even  be  used  for  the  terminus  of  a  future  tunnel  under  Dumbarton 
Strait.  The  bridge  is  designed  to  carry  two  pipes,  each  6  ft.  4  in.  in  diameter.  At 
present  it  is  occupied  by  one  5-ft.  pipe,  and  a  76-in.  diameter  pipe  is  under 
construction. 

Near  the  west  shore  of  the  Bay  is  a  pumping  station  which  is  used  only 
when  taking  water  from  Niles  reservoir  for  delivery  into  Crystal  Springs.  Water 
from  Hetch  Hetchy  or  Calaveras  is  delivered  directly  by  gravity,  with  no  pump- 
ing. There  are  three  centrifugal  pumps,  with  16-in.  suction  and  discharge,  each 
driven  by  a  500-h.p.  induction  motor.  Combined  capacity  is  34 ^  m.g.d. 

Pulgas  Tunnel: 

At  the  westerly  end  of  the  pipe  line  the  water  flows  through  Pulgas  Tunnel 
to  discharge  through  an  outfall  canal  into  Crystal  Springs  reservoir.  This  tun- 
nel is  1%  mi.  long,  of  horseshoe  shape  10  ft.  3  in.  in  diameter,  of  the  same  char- 
acteristics as  the  mountain  tunnels,  and  its  inlet  is  at  elev.  290.5  ft.  This  eleva- 
tion is  set  so  that  the  water  will  discharge  by  gravity,  without  pumping,  into 
Crysal  Springs  reservoir  from  Moccasin  tail-race  reservoir  when  the  Crystal 
Springs  dam  shall  have  been  ultimately  raised  to  final  elevation.  The  cost  of 
the  present  Bay  crossing  division,  including  the  tunnel,  is  about  $6,000,000. 

Plans  for  the  future  contemplate  the  extension  of  the  tunnel  route  from 
Pulgas  tunnel  northerly  into  San  Franc  sco  to  discharge  into  Amazon  reservoir 
at  elev.  250  ft.  This  tunnel  extension  will  require  construction  of  two  pipe  lines, 
one  across  San  Mateo  Creek  and  one  across  San  Bruno  Valley. 

CAMPS  AND  BOARDING  HOUSES 

The  camps  maintained  by  the  City  were  models  of  neatness  and  sanitation. 
The  food  was  of  first-class  quality,  well  cooked,  attractively  served,  and  was 
always  furnished  in  generous  quantity.  This  policy  was  dictated  not  only  by 
humanitarian  considerations,  but  also  from  an  economic  standpoint,  as  well- 
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housed  and  well-fed  men  will  certainly  stay  longer  and  work  with  more  energy 
than  poorly  fed  employees.  The  labor  turnover  at  the  camps  was  remarkably 
low.  The  City  consistently  rejected  offers  of  contractors  desirous  of  handling 
the  boarding  houses  and  profiteering  on  the  men's  food  on  a  contract  or  per- 
centage basis. 

The  men  were  housed  in  substantial  wooden  buildings  of  board  and  batten 
construction,  well  ventilated  and  well  lighted.  These  cabins  were  generally  built 
with  a  double  floor,  2  ft.  above  ground,  to  prevent  dampness.  A  porch  6  ft.  wide 
extended  across  the  front.  Each  cabin  was  equipped  with  a  wood-burning  heat- 
ing stove,  for  which  ample  fuel  was  furnished.  Laundry  service  and  bedding 
were  provided  by  the  City  at  the  nominal  cost  of  10  cents  per  day.  The  cabins 
were  kept  clean,  the  wood  supply  replenished,  and  the  beds  made  by  camp 
employees.  Separate  buildings  were  equipped  with  shower  baths,  lavatories,  and 
washtubs  with  hot  and  cold  water. 

Food  supplies  were  purchased  in  San  Francisco,  except  such  green  produce 
as  might  be  obtained  locally.  Fresh  meat  was  shipped  from  San  Francisco  pack- 
ing houses  in  refrigerator  cars,  and  distributed  immediately  to  the  camps.  At 
the  beginning  of  construction  the  rate  for  board  was  $1  per  day.  When  prices 
of  foodstuffs  and  labor  rose  to  such  a  point  that  the  boarding  houses  were  run 
at  a  serious  loss,  it  became  necessary  to  increase  this  to  $1.25  per  day. 


HETCH  HETCHY  FINANCES 

With  the  exception  of  $118,000  advanced  from  the  General  Fund  for  water 
supply  investigation  at  the  start  of  the  project,  the  Hetch  Hetchy  construction 
has  been  financed  by  bond  issues  and  construction  revenues.  The  total  cost  in 
round  numbers  for  both  water  and  power  construction,  including  interest  during 
construction  is  $105,000  000,  of  which  upward  of  $35,000,000  represents  contract 
payments.  The  bond  issues  and  balance  sheet  are  shown  in  the  following 
tabulations : 


Hetch  Hetchy  Water  Supply 

BOND  ISSUES 

Date  Vote  Interest 

Authorized        Yes        No       Amount         %  Work  Accomplished 

Nov.  12,1908     34,572     5,641    $     600,000     4V2     Purchase  lands,  water 

rights,  etc. 

Jan.   14, 1910     32,888     1,609     45,000,000     4y2     Main  dams,  mountain  tun- 

SVz  nels,  Cherry  and  Moccasin 
power  systems,  Bay  Cross- 
ing pipe,  Pulgas  tunnel. 

Oct.     7,  1924     68,549     3,361     10,000,000     5        Foothill  tunnel  and  shafts  in 

Coast  Range  tunnel. 

May    1, 1928     94,859    11,381     24,000,000     4%      Coast  Range  tunnel  and  San 

Joaquin  pipe,  emergency 
pipes. 

May    3, 1932    128,691     9,373       6,500,000     5        Complete  Coast  Range  tun- 

5%        nel  and  Bay  Crossing  pipe, 
make  payments  to  U.  S. 

Nov.    7, 1933    102,542    45,057       3,500,000     4        Enlarge  O'Shaughnessy  Dam 

to  ultimate  height. 


$89,600,000 


HETCH  HETCHY  BALANCE  SHEET 
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HETCH  HETCHY  WATER  SUPPLY 
EXPENDITURES  FOR  CONSTRUCTION 
JUNE  30,  1934 

HETCH  HETCHY  DIVISION  initial  dam  completed  and  in  opera- 
tion:  O'Shaughnessy  Dam,  clearing  Hetch  Hetchy  reservoir.— $  8,304,938.67 


ELEANOR  DIVISION:  Eleanor  Dam,  clearing  Lake  Eleanor  reser- 
voir   391,747.22 

MOUNTAIN  DIVISION,  completed  and  in  operation:  Early  Intake 
dam  and  headworks,  aqueduct  tunnel  (18.8  mi.)  and  appurte- 
nances   11,522,154.24 

MOCCASIN  DIVISION,  completed  and  in  operation:  Priest  dam, 
power  tunnel,  penstock  lines,  power  plant  and  transmission 
line,  Moccasin  to  Newark   8,915,917.49 

GENERAL  UTILITIES,  ETC.,  applying  to  above  construction: 

Lower  Cherry  power  system,  sawmill,  Hetch  Hetchy  railroad, 

boarding  house,  etc   4,000,633.23 

FOOTHILL  DIVISION,  completed  and  in  operation:  Moccasin 
dam  and  headworks,  aqueduct  tunnel  (15.8  mi.)  and  Red  Moun- 
tain Bar  siphon   8  811,585.37 

SAN  JOAQUIN  DIVISION,  completed  and  in  operation: 

Pipe  line  (47.5  mi.)    4,553,830.72 

COAST  RANGE  DIVISION,  under  construction:  29.2  mi.  of  aque- 
duct tunnel,  pipe  line  and  appurtenances..-   22,331,664.69 

BAY  DEVELOPMENT,  completed  and  in  operation:  Bay  Crossing 

pipe  line  No.  1,  Pulgas  tunnel,  etc       5  881,480.48 


GENERAL:  Administration,  engineering,  legal,  etc., 
reservoir,  watershed  and  other  lands,  water  rights, 
payments  to  U.  S.  Government  and  miscellaneous.  $5, 863, 591. 07 

Less  credits,  rental  of  lands,  sale  of  water, 

miscellaneous    217,928.42  5,645,662.65 


Total  expenditures  from  general  fund  and  bond  funds  for  construc- 
tion of  Hetch  Hetchy  project..  $80  359,614.76 

Allocated  to  power  development     21,866,835.25 


Allocated  to  Hetch  Hetchy  water  supply  construction.   .$58,492,779.51 
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[■ought  Forward: 

(llocated  to  Hetch  Hetchy  water  supply  construction  $58,492, 779. 5 1 

ISCELLANEOUS,  expenditures  for  eval- 
uating the  plants  of  the  Pacific  Gas  & 
Electric  Co.  and  the  Great  Western 
Power  Co  $  392,006.43 

Less  allocated  to  power  develop- 
ment   392  006.43 


MERGENCY    WATER    SUPPLY,  com- 
pleted : 

Newark-San  Lorenzo  pipe  line  31,043,929.63 

Corral  Hollow  pipe  line....   1,215,644.69  $2,259  574.32  2.259.574.32 


xpenditures  from  bond  funds  and  general  fund  allocated  to  water 

supply  construction  $60  752,353.83 

JTEREST  DURING  CONSTRUCTION: 

Allocated  to  Hetch  Hetchy  water  supply*  construc- 
tion $14,842,451.80 

Allocated  to  emergency  water  supply: 

Total  $331,210.52 

Paid  and  payable  by  San  Francisco 

Water  Department..   158,471.25      172.739.27  15,015,191.07 


Total  expenditures  for  water  supply  construction   875,767.544.90 


DUMBARTON  PIPE  BRIDGE 
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CHRONOLOGY,  HETCH  HETCHY  WATER  SUPPLY 

Jan.     8,  1900       New  Charter  in  effect. 

Mar.  26,  1900       Solicitation  of  offers  of  sale  of  water  supplies  to  City. 

July  29,  1901       Appropriation  made  on  water  at  Hetch  Hetchy  and  Lake 

Eleanor  by  Jas.  D.  Phelan,  recorded  Aug.  6,  1901. 

Aug.  12,  1901       City  Engineer  recommends  Tuolumne  River  as  source  of  water 

for  San  Francisco. 

Oct.   16,  1901       Filings  of  same  at  Stockton  Land  Office. 

Jan.   20,  1903       Phelan's  applications  denied  by  Secretary  of  the  Interior 

Hitchcock. 

Feb.,  1903  Petition  for  rehearing,  by  Franklin  K.  Lane,  City  Attorney. 

Feb.  20,  1903       Filings  assigned  to  City. 

Dec.  22,  1903       Application  again  denied  by  Secretary  of  the  Interior. 

May  11,  1908       Original  applications  approved  by  Secretary  of  the  Interior 

Garfield. 

Nov.  12   1908       Special  election  authorized  construction  of  Tuolumne  System 

and  issue  of  $600,000  bonds  to  buy  lands,  etc. 

Jan.   14,  1910       Bond  election,  $45,000,000  bonds  authorized  by  vote  of  20  to  1. 

F„b.  25,  1910       Order  to  show  cause  why  Hetch  Hetchy  should  not  be  elimi- 
nated:  Secretary  of  the  Interior  Ballinger. 

May  12,  1910       Secretary  of  the  Interior  requested  Secretary  of  War  to  ap- 
point Board  of  Army  Engineers  to  act  as  Advisory  Board. 

May  18,  1910       Board  appointed. 

July,  1912  "Freeman  Plan"  of  Hetch  Hetchy  development  published  and 

submitted  to  Army  Board. 

Sept.    1,  1912       M.  M.  O'Shaughnessy  appointed  City  Engineer. 

Nov.  25  to  30,        Hearings  before  Secretary  of  the  Interior  Fisher,  attended 
1912  by  Mayor,  City  Engineer,  City  Attorney  and  consulting 

engineers. 

Feb.     9,  1913       Army  Board  report  upholds  selection  of  Tuolumne  River  as 

$20,000,000  cheaper  than  any  other  system  and  having  great- 
est power  possibilities. 

June  25  to  July     Hearings  by  committee  on  Public  Lands,  House  of  Representa- 
7,  1913  tives. 

Dec.  19,  1913       Hetch  Hetchy  Grant,  or  "Raker  Act,"  signed  by  President 

Wilson. 

Ju'y,  1914  Report  of  Consulting  Engineers,  W.  F.  Durand,  J.  D.  Galloway 

and  F.  G.  Baum,  received. 

July     8,  1914       Bids  received  by  Board  of  Public  Works  for  Contract  No.  1, 

for  constructing  road  from  Hog  Ranch  (now  Mather),  to 
Hetch  Hetchy. 

July  21,  1915       Began  manufacture  of  lumber  at  Canyon  Ranch. 

Sept.,  1915  Began  construction  of  camp  buildings  at  Hetch  Hetchy,  clear- 

ing of  Hetch  Hetchy  reservoir  site,  and  construction  of 
diversion  tunnel. 

Nov.  24,  1915       Bids  received  for  construction  of  Hetch  Hetchy  railroad. 

Aug.    9,  1916       Bids  received  for  "Drifting  Tunnels,  Lower  Cherry  Aqueduct," 
|     already  begun  by  day  labor. 

Oct.,  1917  Hetch  Hetchy  railroad  operation  began. 
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[ay    6,  1918       Lower  Cherry  power  house  began  operation, 
ept.  21,  1918       Began  commercial  sale  of  power  from  Cherry  power  house, 
ug.    1,  1919       Contract  awarded  for  construction  of  Hetch  Hetchy  dam. 
[ay    3,  1920       Contract  awarded  for  construction  of  aqueduct  tunnels  in 

mountain  division,  this  work  having  been  carried  on  so  far 

by  day  labor. 

all,  1921  Work  began  on  Priest  dam. 

all,  1921  Work  began  on  Moccasin  power  house. 

une  23,  1922       Contract  awarded  for  construction  of  Pulgas  tunnel. 

ay  18,  1923       Contract  awarded  for  construction  of  Bay  Crossing  pipe  line. 

uly    7,  1923       O'Shaughnessy  dam  dedicated. 

>ct.     7,  1924       Special  election  $10,000,000  bonds  authorized  to  construct  foot- 
hill tunnels  and  begin  Coast  Range  tunnels,  vote  20  to  1. 

ug.  14,  1925       Delivery  of  power  began  from  Moccasin  power  plant. 

[ay  21,  1926       Bay  Crossing  aqueduct  began  full  operation. 

ept.  20,  1926       Contracts  awarded  for  driving  portion  of  foothill  tunnels.  Re- 
mainder done  by  day  labor. 

an.   15.  1927       Report  of  Dr.  W.  F.  Durand  substantiated  City  Engineer's 

policy  of  driving  Coast  Range  tunnels. 

[ar.    5,  1927       Budget  for  Coast  Range  tunnels  approved  by  Supervisors, 
pril,  1927  Coast  Range  tunnel  construction  began  at  Mocho  shaft.  Sink- 

ing began  in  May. 

[ay    1,  1928       Bond  election,  $24,000  000  bonds  authorized  by  vote  of  7  to  1. 

to  construct  Coast  Range  tunnel  and  San  Joaquin  pipe,  and 
$41,000,000,  by  vote  of  4  to  1,  to  purchase  Spring  Valley 
Water  Company  system. 

[ay  25,  1928       Budget  submitted  to  Supervisors  for  construction  of  Coast 

Range  tunnel  and  San  Joaquin  pipe.  Approved  as  to  tunnel. 

ept.   6,  1928       Tunnel  driving  began  at  Tesla  portal  of  Coast  Range  tunnel. 

>ec.    6,  1928       Foothill  tunnel  driving  completed. 

lar.    3,  1930       San  Francisco  Water  Department  takes  over  operation  of  sys- 
tem bought  from  Spring  Valley  Water  Company. 

.ug.  26,  1930       Bond  election,  868,115  000  bonds  for  acquisition  of  power  dis- 
tribution system  fail  to  carry. 

lar.    4:  1931       Tunnel  4.4  mi.  long  "holed  through"  from  Tesla  portal  to 

Thomas  shaft  in  Coast  Range. 

lay  22,  1931       Contract  awarded  for  construction  of  San  Joaquin  pipe  line. 

,ug.  11,  1931       Tunnel  3.4  mi.  long  "holed  through"  from  Alameda  Creek  to 

Irvington  portal. 

)ct.  28,  1931       Contract  awarded  for  construction  of  Red   Mountain  Bar 

siphon. 

fan.     8,  1932       New  Charter  in  effect.  Public  Utilities  Commission  takes  over 

management  of  Hetch  Hetchy  and  San  Francisco  Water  De- 
partment from  Board  of  Public  Works. 

|lay    3,  1932       Bond  issue  of  86,500,000  for  completion  of  Hetch  Hetchy  aque- 
duct authorized  by  vote  of  14  to  1. 

I  ept.,  1932  Water  brought  to  Tesla  portal  of  Coast  Range  tunnel. 

Tov.    7,  1933       Bond  issue  of  $3,500,000  for  enlargement  of  O'Shaughnessy 

dam  authorized  by  vote  of  3  to  1. 

an.  .  5,  1934       Last  section  of  Coast  Range  tunnel  "holed  through"  from 

Mocho  shaft  to  Mitchell  shaft. 

>ct.   28,  1934       Hetch  Hetchy  water  brought  to  Crystal  Springs  reservoir. 
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ELEVATIONS  OF  VARIOUS  POINTS  ON  HETCH 
HETCHY  PROJECT 

Feet  Point 

13,090  Summit  of  Mt.  Lyell,  highest  point  on  watershed. 

4,825  Future  Lake  Eleanor  dam,  crest. 

4,810  Future  Lake  Eleanor  dam,  high  water. 

4,661  Lake  Eleanor  dam,  present  crest. 

4,590  Lake  Eleanor  dam,  creek  bed. 

3,812  Ultimate  O'Shaughnessy  dam,  crest. 

3,726.5  Initial  O'Shaughnessy  dam,  crest. 

3,500  O'Shaughnessy  dam,  river  bed. 

3,382  O'Shaughnessy  dam,  lowest  point  of  foundation. 

2,630.5  Cherry  River  diversion  dam,  crest. 

2,356  Early  Intake  diversion  dam,  crest. 

2,346  Early  Intake  diversion  dam,  normal  water  surface. 

2,326  Early  Intake  diversion  dam,  floor  of  mountain  tunnel. 

2,245  Priest  dam,  crest. 

2,240  Priest  regulating  reservoir,  high  water. 

2,169  Priest  portal  of  mountain  tunnel,  floor. 

2,145  Moccasin  power  tunnel  floor  of  inlet. 

2,120  Priest  dam,  auxiliary  drainage  tunnel,  floor. 

2,272  Moccasin  surge  shaft,  top. 

2,112  Moccasin  surge  shaft,  floor. 

924  Moccasin  power  house,  nozzles. 

927  Moccasin  dam,  crest. 

920  Moccasin  reservoir,  normal  water  surface. 

881  Foothill  tunnel,  floor  at  Moccasin  reservoir. 

516  Red  Mountain  Bar,  bottom  of  pipe. 

747  Foothill  tunnel,  floor  at  Oakdale  portal  (at  easterly  edge  of  San  Joaquin 
Valley). 

—1.4  San  Joaquin  River,  bottom  of  pipe. 

399  Coast  Range  tunnel  floor  at  Tesla  portal  (at  westerly  edge  of  San  Joa- 
quin Valley). 

316.4  Coast  Range  tunnel  floor  at  Irvington  portal. 
— 68.5  Dumbarton  Strait  crossing,  bottom  of  pipe. 

290.5  Pulgas  tunnel,  floor  at  Redwood  portal. 

250  Amazon  reservoir,  San  Francisco,  water  surface,  proposed. 

320  Balboa  Park  reservoir,  San  Francisco,  water  surface  proposed. 

385  Glen  Park  reservoir,  San  Francisco,  water  surface,  proposed. 
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The  acquisition  of  the  system  of  the  Spring  Valley  Water  Company  by  the 
City  has  been  already  discussed.  These  properties  had  been  developed  over  a 
[long  period  of  years  by  interests  with  powerful  financial  backing  and  included 
(all  the  sources  within  a  short  distance  of  the  city  that  could  be  practically  and 
leconomically  developed.  The  City  acquired  all  the  properties  of  the  company 
[that  were  used  or  useful  in  supplying  water  to  the  system  and  protecting  the 
purity  of  the  supply,  eliminating  those  lands  which  did  not  fit  in  with  the  future 
development  of  the  water  system.  This  resulted  in  excluding  a  large  acreage  of 
land  which  had  been  acquired  by  the  company  for  strategic  purposes  or  as 
investments  in  real  estate. 

For  operating  purposes  the  system  is  divided  into  three  divisions,  namely, 
the  Alameda  division,  Peninsula  division  and  City  Distributing  division.  The 
Alameda  system  has  three  water-producing  units,  Calaveras  reservoir,  the 
Pleasanton  wells  and  the  Sunol  filter  galleries.  The  Peninsula  supply  comprises 
Crystal  Springs  reservoir  (upper  and  lower),  San  Andres  reservoir.  Pilarcitos 
reservoir,  Lake  Merced  and  the  Sunset  wells.  Lake  Merced  and  the  Suns  t 
wells,  being  located  within  the  city  limits,  are  included  with  the  City  Dis- 
tributing division. 

Alameda  Creek  System: 

The  Alameda  sources  are  all  within  the  drainage  area  of  Alameda  Creek. 
Calaveras  reservoir,  situated  about  9  mi.  south  of  the  village  of  Sunol,  provides 
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catchment  for  the  runoff  of  the  best  water-producing  area,  the  slopes  of  Mt. 
Hamilton,  the  elevation  of  which  is  4,209  ft.  Smith  Creek  and  Isabel  Creek  flow 
northerly  from  the  mountain  to  form  Arroyo  Honda,  which  traverses  the  broad, 
flat  Calaveras  Valley.  A  dam  at  the  lower  end  of  the  valley  has  created  a  reser- 
voir with  capacity  of  32  800,000,000  gal.,  receiving  runoff  directly  from  a  water- 
shed of  100  sq.  mi.,  supplemented  by  the  runoff  from  35  sq.  mi.  of  the  headwaters 
of  Alameda  Creek,  which  is  diverted  through  a  tunnel  into  the  reservoir.  The 
reservoir  lies  partly  in  Alameda  County  and  partly  in  Santa  Clara  County. 

Calaveras  dam  is  an  earth  and  rock  fill  structure,  the  lower  portion  of  which 
was  constructed  by  the  hydraulic  fill  method  and  the  upper  part  with  a  rolled 
clay  core  supported  by  loosely  placed  rock.  The  crest  at  elev.  775  ft.  is  75  ft. 
wide.  Total  height  above  bed-rock  is  220  ft.,  length  1,200  ft.  and  thickness  at 
base  1,510  ft.  Total  volume  of  fill  is  nearly  3,500,000  cu.  yd.  Construction  was 
commenced  in  1913  and  completed  in  1925.  Until  recently,  the  water  released 
from  Calaveras  reservoir  flowed  down  the  stream  bed  to  be  recaptured  in  the 
Sunol  filter  galleries,  but  a  pipe  line  completed  in  1934,  consisting  of  approxi- 
mately 6  mi.  of  44-in.  pipe,  has  been  put  into  operation,  taking  the  water  from 
a  point  just  below  the  dam  down  to  the  Hetch  Hetchy  aqueduct  for  transmission 
to  Crystal  Springs  reservoir  by  gravity.  An  aeration  basin  is  being  constructed 
immediately  below  the  dam  at  the  intake  of  the  pipe  line,  where  the  stored 
waters  as  released  will  be  aerated  to  improve  the  taste  and  quality. 

The  diversion  from  Alameda  Creek  to  Calaveras  reservoir  is  by  means  of  a 
dam  and  a  tunnel.  The  dam  is  of  the  reinforced  concrete  slab  and  buttress  type. 
It  is  31  ft.  in  height  and  173  ft.  long  with  an  overflow  spillway  designed  to  pass 
12,000  sec.  ft.  with  10  ft.  over  the  lip,  which  is  at  elev.  900  ft.  or  15  ft.  lower  than 
the  crest  of  dam.  The  outlet  tunnel  to  Calaveras  reservoir  is  of  horseshoe  cross- 
section  5.5x6.5  ft.  It  is  9,709  ft.  long  and  has  a  capacity  of  650  sec.  ft.  It  is 
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stimated  that  this  tunnel  will  divert  into  Calaveras  reservoir  an  average  of 
;3  m.g.d.    Construction  of  this  tunnel  was  commenced  by  Spring  Valley  Water 

Company  and  the  tunnel  and  dam  completed  by  the  Water  Department  in 
Oecember,  1931. 

The  Pleasanton  wells  are  situated  near  the  lower  end  of  Livermore  Valley, 
vhich  has  an  area  of  35  sq.  mi.  The  valley  is  underlain  by  deposits  of  gravel 
vith  some  impervious  material.    These  gravel  beds  extend  to  depths  of  over 
'  ,000  ft.  in  some  places.  The  water  from  the  streams  reaching  the  valley  is  slowly 
bsorbed  and  drained  into  the  gravel  deposits,  which  serve  as  a  subsurface 
eservoir.  In  1898,  the  water  company  bored  the  first  wells  into  these  gravels 
o  be  followed  by  many  others  at  later  dates.  Most  of  the  wells  range  from  200 
o  400  ft.  deep,  but  one  well  reaches  734  ft.  At  the  present  time,  the  well  system 
omprises  more  than  100  wells,  of  which  21  are  equipped  with  pumping  facilities 
nd  are  normally  used  for  water  production.  The  output  from  the  wells  is  limited 
o  a  total  maximum  draft  of  15  m.g.d.   During  the  many  successive  dry  seasons 
he  water  plane  has  been  drawn  down  to  an  undesirably  low  level,  and  with  the 
dvent  of  Hetch  Hetchy  water  it  is  the  intention  to  build  up  the  water  table  and 
o  utilize  these  waters  to  the  extent  of  their  normal  annual  yield. 

The  water  from  the  wells  is  brought  to  the  Water  Temple  at  Sunol  through 
.3  mi.  of  30-in.  wrought  iron,  riveted  pipe,  installed  in  1909. 

The  Sunol  filter  galleries  although  they  actually  produce  but  a  small  amount 
f  water,  have  served  a  useful  purpose  within  the  limits  of  their  capacity  by 
larifying  the  more  turbid  waters  from  Alameda  Creek.  Sunol  Valley  is  a  gravel- 
lied  depression  with  an  area  of  about  1.300  acres,  located  at  the  upper  entrance 
3  Niles  Canyon,  through  which  the  entire  drainage  of  600  sq.  mi.  of  Alameda 
!reek  must  pass  on  its  way  to  the  bay.  A  low  dam  (Sunol  dam)  at  the  canyon 
ntrance  backs  up  the  water  in  the  gravels.  Through  these  gravels  is  a  concrete 
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tunnel,  or  filter  gallery,  8,985  ft.  long,  pierced  with  screened  brass  pipes,  which 
drains  the  water  from  the  gravels  to  start  on  its  passage  to  San  Francisco. 
Additional  water  is  admitted  through  2,725  ft.  of  36-in.  dia.  perforated  concrete 
pipe  with  open  joints.  The  well-known  Water  Temple  marks  the  junction  of  the 
Pleasanton  pipe  line  with  the  filter  galleries. 

From  the  Water  Temple,  via  Sunol  dam  and  Niles  Canyon,  is  a  concrete 
aqueduct  4.9  mi.  in  length,  consisting  of  tunnel  and  flume  with  a  capacity  of 
70  m.g.d.  leading  to  Niles  reservoir.  This  reservoir,  at  elev.  181  ft.  has  a 
capacity  of  5  m.g.  Near  it,  in  Alameda  Creek  is  the  old  dam,  since  recon- 
constructed,  first  put  in  service  in  1858  to  divert  water  which  ran  the  old  Vallejo 
grist  mill,  the  remains  of  which  may  still  be  seen  at  Niles. 

Two  pipe  lines  lead  from  Niles  reservoir.  One,  consisting  of  15,600  ft.  of 
44-in.  pipe,  was  constructed  by  the  water  company  to  connect  with  the  Bay 
Crossing  pipe  of  the  Hetch  Hetchy  project  1.3  mi.  below  Irvington  portal, 
through  which,  by  means  of  the  Bay-Pulgas  booster  pumps,  water  is  delivered 
into  the  Upper  Crystal  Springs  reservoir. 

The  older  pipe  line  from  Niles  reservoir  known  as  Alameda  pipe  line,  was 
completed  in  1888  and  is  still  used  to  transmit  to  Belmont  pumping  station  th< 
water  gathered  at  the  Water  Temple  although  in  some  places,  due  to  the  corro- 
sive action  of  the  soil,  the  walls  of  the  p'pe  have  been  greatly  weakend.  It  con- 
sists of  20.26  mi.  of  36-in.  riveted  wrought  iron  pipe  and  1.21  mi.  of  quadruple 
submerged  pipes,  two  of  which  are  of  16-in.  and  two  of  22-in.  diameter  steel 
tubing.  These  pipes  lie  generally  parallel  and  to  the  north  of  the  Hetch  Hetchy 
submerged  pipe.  They  are  laid  directly  on  the  bay  bottom  and  not  in  an  exca- 
vated trench.  During  construction  of  the  54-in.  submarine  pipes,  for  which  a 
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mtract  lias  just  been  awarded,  part  or  all  of  the  16-in.  submarine  pipes  at 
umbarton  Strait  will  be  removed. 

Completion  of  the  Calaveras  pipe  line  and  the  westerly  section  of  the  Hetch 
etchy  Coast  Range  tunnel  permits  the  delivery  of  all  the  Calaveras  water 
irectly  by  grav'ty  to  Crystal  Springs  reservoir,  thus  allowing  the  closing  down 
:  the  Bay-Pulgas  pumps,  except  for  those  few  months  in  the  year  when  the  flow 
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at  Sunol  is  in  excess  of  the  capacity  of  the  Alameda  line  and  the  Belmont  pumps. 
Present  plans  contemplate  the  immediate  construction  of  a  small  pump  station 
to  lift  these  Pleasanton  and  Sunol  waters  into  the  Hetch  Hetchy  aqueduct  so 
that  all  of  the  Alameda  waters  may  then  flow  by  gravity  into  Crystal  Springs 
reservoir. 
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Belmont  pumping  station  has  seven  steam-driven  units  with  combined 
Rapacity  of  27  m.g.d.,  which  force  the  water  through  6.6  mi.  of  36-in.  pipe  and 
1 5.2  mi.  of  54-in.  pipe,  laid  along  El  Camino  Real  to  Millhrae  pump  station,  at 
isvhich  point  the  water  is  delivered  to  the  Crystal  Springs-University  Mound  pipe 
l  ine,  or  may  be  boosted  through  the  Millbrae  pumps  to  the  San  Andres  trans- 
mission lines  leading  to  College  Hill  reservoir  and  Central  pumps.  The  Millbrae 
pumps  are  not  now  regularly  operated. 

Peninsula  System: 

The  Peninsula  system  comprised  originally  the  three  reservoirs  Pilarcitos, 
3an  Andres  and  Crystal  Springs,  each  with  an  independent  pipe  line  delivering 
water  to  its  receiving  reservoir  in  the  city.  The  City  owns  practically  the  entire 
watershed  area  tributary  to  these  three  reservoirs  and  on  its  lands  there  are  no 
labitations  except  those  of  the  few  employees  necessary  for  operation  and  patrol. 
This  area  has  been  constituted  a  State  fish  and  game  reserve  and  is  patrolled 
;o  prevent  access  by  unauthorized  persons.  These  factors  contribute  to  prevent 
2ontam:nation  of  the  water.  Following  the  customary  procedure,  all  water  is 
2hlorinated  before  delivery  into  the  transmission  mains. 

Pilarcitos  dam,  on  the  creek  of  the  same  name  which  empties  into  the  ocean 
at  Half  Moon  Bay  was  originally  completed  in  1866  and  raised  in  1874.  The  dam 
is  an  earth  fill  with  clay  puddle  core  and  contains  371,202  cu.  yd.  It  is  95  ft. 
tiigh  and  520  ft.  long  on  the  crest  at  elev.  700  ft.  Th.ckness  at  base  is  480  ft. 
The  reservoir  has  a  capacity  of  one  billion  gallons  and  receives  the  runoff  from 
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3.8  sq.  mi.  direct  and  1.4  mi.  through  the  Pilarcitos  side-flume.  The  average 
annual  rainfall  of  49  in.  makes  this  reservoir  an  exceptionally  good  pro- 
ducer, considering  the  small  watershed.  Its  yield,  within  the  limits  of  flume 
capacity,  is  transmitted  to  San  Andres  reservoir,  the  excess  being  discharged 
into  Crystal  Springs  reservoir  via  Lock's  Creek  aqueduct.  The  portion  of  the 
original  Pilarcitos  pipe  line,  leading  to  San  Francisco  and  lying  in  large  part 
along  the  San  Andres  fault,  was  destroyed  in  the  earthquake  of  1906.  It  was 
considered  inadvisable  to  reconstruct  this  pipe  and  Pilarcitos  then  became  a 
feeder  to  San  Andres  reservoir  via  2.9  mi.  of  bricked  tunnels,  redwood  flume 
and  riveted  pipe. 

The  old  Stone  dam,  a  well-known  beauty  spot,  is  on  Pilarcitos  Creek  about 
two  miles  below  the  main  dam.  It  was  built  in  1872  in  connection  with  the  Lock's 
Creek  aqueduct,  the  upper  portion  of  which  has  since  gone  out  of  service.  The 
dam  is  a  masonry  arch  31  ft.  high,  with  crest  117  ft.  long,  at  elev.  550  ft.  The 
water  from  the  1.5  sq.  mi.  of  watershed  tributary  to  Stone  dam  is  delivered  to 
San  Andres  reservoir  via  the  existing  portion  of  Lock's  Creek  aqueduct,  con- 
sisting of  5.1  mi.  of  tunnel  either  brick  or  concrete  lined,  redwood  flume  and 
riveted  wrought  iron  pipe  which  connects  to  the  Crystal  Springs-San  Andres 
conduit.  San  Andres  receives  water  also  by  diversion  from  San  Mateo  Creek 
at  three  points;  first,  from  1  sq.  mi.  of  watershed  through  Davis  tunnel  1,205  ft. 
long,  which  discharges  almost  directly  into  the  reservoir;  second,  about  1  sq.  mi. 
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at  San  Mateo  Creek  dam  No.  1,  which  feeds  into  the  Pilarcitos-San  Andres 
aqueduct;  and  third,  about  0.5  sq.  mi.  at  San  Mateo  Creek  dam  No.  2,  a  concrete 
arch  100  ft.  long  and  40  ft.  high,  which  feeds  into  the  Lock's  Creek  aqueduct. 

San  Andres  reservoir  lies  in  the  valley  just  west  of  the  Skyline  Boulevard, 
opposite  Millbrae,  and  is  the  first  lake  seen  from  that  highway  while  traveling 
south  after  passing  the  San  Francisco  County  line.  The  dam  was  constructed  in 
1868  to  1870  by  methods  similar  to  those  at  Pilarcitos.  It  was  enlarged  in  1ST" 
and  again  in  1928  to  its  present  height  of  105  ft.  with  crest  950  ft.  long  at  elev. 
456  ft.  The  dam  contains  540,000  cu.  yd.  of  earth  fill  and  clay  puddle  core  and 
lis  575  ft.  thick  at  the  base.  This  dam  demonstrated  its  sturdiness  in  the  1906 
earthquake.  The  San  Andres  fault  line  cuts  the  easterly  abutment  of  the  dam. 
Although  there  was  a  movement  along  the  rift  of  approximately  S  ft.  at  this 
point,  the  dam  was  absolutely  uninjured.  The  reservoir  has  a  capacity  of  6  billion 
gallons  and  receives  the  runoff  of  8.4  mi.  of  watershed  with  an  annual  precipita- 
tion averaging  40  in.  In  addition  to  the  natural  runoff  water  is  pumped  from 
Crystal  Springs  reservoir  by  the  pumping  station  downstream  from  the  Crystal 
Springs  dam  and  delivered  via  the  Crystal  Springs-San  Andres  aqueduct,  which 
crosses  and  parallels  the  Skyline  Boulevard.  The  total  length  of  aqueduct  from 
the  pumps  to  San  Andres  reservoir  is  6.26  mi.  Capacity  of  this  canal  is  60  m.g.d. 
There  are  two  pipe  lines  delivering  water  from  San  Andres  reservoir  to  San 
Francisco.  The  original  pipe  line,  completed  in  1870  and  rebuilt  for  part  of 
its  length  in  1895  to  1898  leaves  the  reservoir  near  the  southerly  end  of  the 
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lake  via  Bald  Hill  tunnel,  2,800  ft.  long,  and  leads  to  Millbrae  pumping  station, 
where  interconnections  may  be  made  with  the  Alameda  pipe  line  from  Belmont 
and  with  the  Crystal  Springs  pipe  line,  which  leads  to  University  Mound  reser- 
voir. From  Millbrae  the  pipe  line  follows  El  Camino  Real,  private  right  of  way 
and  streets,  to  end  at  College  Hill  reservoir  in  San  Francisco,  at  elev.  255  ft. 
The  line  consists  of  5.1  mi.  of  44-in.  riveted  wrought  iron  pipe,  laid  in  1895  to 
1898,  and  8.1  mi.  of  30-in.  similar  pipe  laid  in  1870.  Its  capacity  is  15  m.g.d.  From 
Baden  a  branch  line  with  capacity  of  14  m.g.d.,  consisting  of  5.2  mi.  of  30-in. 
riveted  wrought  iron  pipe,  extends  to  the  Central  pumping  station.  This  pipe 
was  laid  in  1907. 

The  second  outlet  pipe  from  San  Andres  was  built  in  1927-28  to  deliver 
water  by  gravity  into  Lake  Honda  at  elev.  373  ft.  The  line  leaves  the  reservoir 
via  the  north  shaft  and  768  ft.  of  tunnel,  and  for  some  distance  it  parallels  the 
Baden-Merced  pipe  line  and  Junipero  Serra  Boulevard  to  discharge  into  Lake 
Honda  tunnel.  It  consists  of  10.9  mi.  of  54-in.  dia.  lockbar  steel  pipe  and  has  a 
capacity  of  30  m.g.d.  by  gravity  with  San  Andres  reservoir  at  elev.  446  ft.  To 
secure  this  delivery  with  the  reservoir  at  a  lower  stage,  the  Lake  Honda  booster 
pumps  may  be  used.  The  Daly  Hill  pumps,  capacity  6  m.g.d.,  taking  their  water 
from  the  same  main,  may  be  used  to  boost  into  the  Lake  Honda  system  at  and 
north  of  Daly  Hill. 

Crystal  Springs  reservoir,  the  largest  and  most  important  of  the  Peninsula 
reservoirs,  lies  in  the  same  valley  as  San  Andres,  but  to  the  south,  and  is  seen 
from  Skyline  Boulevard,  which  it  parallels  for  about  7  mi.  It  is  divided  into  two 
basins  by  an  earth  dam  built  across  Canada  Raymundo  in  1877,  forming  what  is 
now  known  as  Upper  Crystal  Springs  reservoir.  Originally,  the  water  from  this 
reservoir  was  pumped  into  the  Pilarcitos  pipe  line  for  delivery  to  the  city.  The 
main  Crystal  Springs  dam  was  built  in  1887  to  1890  and  impounds  the  waters  of 
San  Andres  and  San  Mateo  Creeks  and  Canada  Raymundo.   It  is  a  concrete 
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".(Structure  of  the  interlocking  block  type  and  contains  157,200  cu.  yd.  Its  height 
lis  154  ft.,  thickness  at  base  176  ft.  Crest  length  at  elev.  288.85  ft.  is  600  ft.  The 
■dam.  which  has  not  been  built  to  its  full  contemplated  height,  has  a  crest  width 
jof  40  ft.  Its  heavy  cross-section  and  type  of  construction  were  vindicated  in  the 
|il906  earthquake  which  it  withstood  without  damage,  although  the  San  Andres 
(ifault  line  is  but  a  few  hundred  feet  westerly  from  the  dam.  The  upper  dam 

iwhich  is  an  earth  fill  with  puddle  core,  is  92.5  ft.  high,  520  ft.  long,  515  ft.  thick 
•iat  the  base  and  contains  221,000  cu.  yd.  of  material.  The  combined  capacity  of 
|the  upper  and  lower  reservoirs  is  22y2  billion  gallons,  which  may  be  increased 
■to  94  billion  gallons  by  raising  the  concrete  dam  45  ft.  Tributary  catchment 
fiareas  are  9  sq.  mi.  for  the  upper  lake  and  13.5  sq.  mi.  for  the  lower.  Mean  annual 
i,precipitation  is  about  29  in.  The  Crystal  Springs  reservoir  serves  as  a  terminal 
Ireservoir  for  the  Hetch  Hetchy  aqueduct,  providing  close-in  storage  of  ample 
Icapacity  to  safeguard  the  city"s  supply  in  event  of  any  extended  interruption  of 

flow  from  the  mountains. 

The  water  from  Crystal  Springs  reservoir  is  transmitted  to  University 
•  Mound  reservoir  in  San  Francisco,  at  elev.  172  ft.,  through  a  44-in.  dia.  riveted 

'wrought  iron  p  pe  line  17.0  mi.  in  length.  Two  brick-lined  tunnels,  of  a  total 

length  of  4.6  mi.,  are  used.  The  pipe  line  was  built  in  1885  and  has  a  capacity 
lof  25  m  g.d.  Just  below  the  dam  is  the  Crystal  Springs  pump  station  with  booster 
(  capacity  of  25  m.g.d.  to  insure  delivery  of  that  amount  of  water  through  the 
fCrystal  Springs  pipe  at  low  reservoir  stages  and  capacity  to  discharge  55  m.g.d. 

to  San  Andres  reservoir.  At  Millbrae  pump  station,  interconnection  is  made  with 
Ithe  Alameda  pipe  line  and  water  may  also  be  boosted  into  the  San  Andres  pipe 

lines  through  the  Millbrae  pumps  in  an  emergency. 

City  Distributing  System : 

Lake  Merced,  in  the  southwest  corner  of  San  Francisco,  is  a  natural  lake 
i  whose  capacity  was  increased  to  2y2  billion  gallons  by  the  construction  of  an 
[earth  dike  about  15  ft.  high  across  its  outlet.  It  is  situated  about  one-half  mi. 
|  east  of  the  ocean,  practically  at  sea  level.  Water  from  an  annual  precipitation 
[of  about  23  in.  reaches  it  by  percolation  through  the  sandy  soil,  appearing  as 
springs  around  the  edge  of  the  lake  and  in  the  lake  bottom.  All  surface  drainage 
[which  might  enter  the  lake  is  diverted  through  a  series  of  dams,  ditches  and 
[flumes  to  be  discharged  into  the  ocean  through  a  tunnel  near  the  county  line. 
IThe  normal  yield  of  this  lake  for  many  years  was  about  3%  m.g.d.  Recently. 
Ithe  lake  has  not  been  utilized  as  a  regular  source  of  supply  as  the  quality  of  the 
water  as  to  taste  is  not  up  to  the  standard  of  the  other  sources.  The  lake  will  be 
maintained  as  a  reserve  source  of  supply  to  be  used  only  for  emergencies. 
Delivery  from  this  lake  was  through  the  city  pumps,  two  steam-driven  units, 
with  a  total  capacity  of  71/£  m.g.d.,  which  were  connected  so  as  to  pump  from 
the  lake  or  take  water  from  the  Baden-Merced  pipe  line  for  delivery  to  the  Lake 
Honda  system  near  Daly  Hill. 

The  Sunset  Wells  system  comprises  a  group  of  20  wells  located  at  intervals 
on  Forty-fourth  Avenue  between  Kirkham  and  Santiago  Streets.  The  wells, 
(which  are  driven  to  a  depth  of  approximately  250  ft.  through  sand  and  gravel, 
discharge  through  a  header  pipe  into  a  reinforced  concrete  tank  of  500.000  gal. 
capacity,  located  off  Forty-fourth  Avenue  between  Rivera  and  Santiago  Streets. 
This  tank  serves  as  a  sump  from  which  the  water  is  forced  through  2  mi.  of 
20-in.  welded  steel  pipe  by  three  8-in.,  2-stage  multiplex  pumps,  electrically 
driven  by  300  h.p.  motors,  to  enter  the  Lake  Honda  system.  Construction  of 
this  well  system  was  undertaken  by  the  water  company  immediately  prior  to  the 
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acquisition  of  the  properties  by  the  City  at  the  request  of  the  City  authorities, 
and  was  placed  in  service  in  October  1930.  Four  of  the  wells  were  put  down 
in  1931. 

Constructed  as  an  emergency  measure  to  provide  an  auxiliary  supply  in 
anticipation  of  a  possible  serious  shortage  as  the  result  of  a  period  of  several 
dry  years,  these  wells  have  produced  a  continuous  yield  of  nearly  6  m.g.d.  since 
the  commencement  of  operation,  and  have  proved  invaluable  in  carrying  over 
several  years  of  acute  shortage.  With  delivery  of  Hetch  Hetchy  water,  they  will 
be  maintained  as  an  auxiliary  emergency  supply. 

The  distributing  system  in  San  Francisco  is  necessarily  complicated,  owing 
to  the  uneven  topography.  Elevations  range  from  sea  level  to  over  900  ft.  The 
many  hills  do  not  rise  gradually  on  easy  slopes,  but  are  abrupt  and  irregular.  In 
order  to  maintain  satisfactory  water  pressure  at  the  taps,  without  execessive 
variations,  the  city  has  been  divided  into  a  number  of  pressure  districts  based 
on  elevation.  These  districts,  maintained  by  keeping  certain  valves  closed,  vary 
greatly  in  area  and  outline.  Originally  there  were  three  main  areas,  each  of 
which  received  its  supply  from  the  receiving  reservoir  of  one  of  the  main  pipe 
lines  entering  the  city  from  the  Peninsula  sources.  With  the  growth  of  the  city 
and  the  building  up  of  the  outer  districts,  it  became  necessary  to  add  new  pres- 
sure districts,  providing  feeder  mains,  tanks,  pumps  etc.,  to  supply  them.  From 
time  to  time  it  becomes  necessary  to  change  the  boundary  lines  of  the  existing 
districts.  This  has  made  the  distributing  system  very  complex. 
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There  are  eight  reservoirs  and  14  tanks  in  the  distributing  system  with  a 
combined  capacity  of  about  140  m.g.  Further  improvements  are  contemplated 
under  the  N.R.A.  building  program.  University  Mound  reservoir,  with  present 
capacity  of  60  m.g.,  at  elev.  172  ft.,  supplies  the  lowest  pressure  zone,  which 
comprises  in  general  the  waterfront,  industrial  and  major  business  areas.  This 
district  uses  about  40  per  cent  of  the  total  amount  of  water  used  in  the  city. 
Next  above  this  is  the  College  Hill  district,  with  reservoir  of  13  m.g.  capacity, 
at  elev.  255  ft.  Lake  Honda,  with  capacity  of  44  m.g.,  at  elev.  373  ft.,  supplies 
most  of  the  water  for  the  residential  and  apartment  house  districts,  part  of  it 
through  two  subsidiary  reservoirs  Potrero  Heights  and  Lombard  Street.  Stan- 
ford Heights  reservoir,  on  the  northerly  slope  of  Mt.  Davidson,  with  capacity  of 
11  m.g.,  at  elev.  614  ft.,  is  fed  primarily  from  Central  pump  station  on  Sloat 
Boulevard.  A  large  and  rapidly  growing  residential  area  is  directly  dependent 
on  it  and,  in  addition,  it  feeds  the  Presidio  Heights,  Clarendon  Heights  and 
Clay  Street  tanks.  The  highest  district  is  supplied  from  Forest  Hill  tank,  with 
capacity  of  300,000  gal.,  at  elev.  800  ft.  The  system  is  very  flexible  in  that  all 
the  pressure  zones  are  interconnected.  Several  pumping  stations  now  idle  may 
be  utilized  should  occasion  require. 

During  the  regime  of  the  water  company,  many  extensions  into  residential 
districts  were  made  with  small  pipes  less  than  6-in.  diameter.  While  these  were 
generally  ample  for  domestic  supply,  they  were  inadequate  for  fire  protection. 
When  the  City  purchased  the  properties  a  policy  was  established  of  replacing 
these  small  pipes  with  mains  of  proper  size  as  rapidly  as  available  funds  would 
permit.  At  present,  the  distributing  system  consists  of  853  mi.  of  pipe,  with 
110,000  active  consumers. 

Construction  under  the  National  Recovery  Act: 

The  N.R.A.  bond  election  of  Nov.  7,  1933,  by  a  vote  of  105,279  to  42,878,  pro- 
vided for  the  issuance  of  012,095,000  bonds  to  finance  a  system  of  improve- 
ments to  the  water  supply  system.  During  the  years  that  the  system  was  under 
option  to  the  City,  the  minimum  amount  of  improvements  was  made  and  it  was 
realized  that  the  City,  upon  obtaining  ownership,  must  inaugurate  an  extensive 
construction  program.  A  number  of  improvements  and  replacements  were  made 
from  surplus  earnings,  but  with  the  declining  revenues  during  the  depression, 
it  became  apparent  that  a  major  program  could  not  be  adequately  financed  in 

■ 

this  manner  within  a  reasonable  period. 

The  development  of  the  N.R.A.  program,  with  assurance  of  a  low  rate  of 
interest  on  bonds  and  with  an  outright  grant  from  the  Federal  government 
amounting  to  30  per  cent  of  the  cost  of  labor  and  materials,  provided  a  rational 
method  of  consummating  the  improvement  program  with  the  assurance  that  the 
projects  would  be  self-liquidating  during  the  period  of  the  loan.  The  work  is 
now  well  under  way. 

The  program  includes  five  major  items,  as  follows: 

1.  Additional  Bay  Crossing  pipe  line,  estimated  cost  $4,640,000.  This  project 
is  for  construction  of  Bay  Crossing  pipe  line  No.  2,  as  already  noted,  and  a 
pumping  plant  near  Sunol  or  Irvington  with  a  connecting  pipe  to  the  Hetch 
Hetchy  aqueduct  to  deliver  water  from  the  Pleasanton  wells  and  Sunol  gravel 
beds  into  Crystal  Springs  reservoir.  The  construction  is  immediately  necessary 
because  the  old  36-in.  Alameda  pipe  line  from  Niles  reservoir  is  in  such  an 
advanced  state  of  deterioration  that  it  must  soon  be  abandoned.  Accomplish- 
ment of  this  program  will  increase  the  capacity  of  the  Bay  Crossing  division  of 
the  Hetch  Hetchy  aqueduct  to  114  m.g.d.  and  will  permit  the  abandonment  of  the 
Belmont  pumps  and  the  Bay-Pulgas  pumps. 
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2.  Crystal  Springs-University  Mound  pipe  line,  including  completion  of  the 
ew "outlet  structure  at  Crystal  Springs  and  the  laying  of  14  mi.  of  60-in.  pipe 

from  Millbrae  to  University  Mound,  is  estimated  to  cost  $2,519,000.  The  capacity 
of  the  pipe  will  be  normally  56  m.g.d.  The  construction  is  necessary  at  this  time 

to  provide  for  increasing  consumption  in  the  industrial  area. 

3.  University  Mound  reservoir  addition  proposes  a  new  reservoir  of  approxi- 
mately 90  m.g.  capacity  at  an  estimated  cost  of  $1,000,000.  This  is  an  essential 
element  in  the  proper  development  of  the  system  and  will  provide  a  reservoir 

capacity  equal  to  7  days'  consumption  in  the  district. 

4.  New  Sunset  reservoir  and  connecting  pipe  lines  contemplates  construc- 
tion of  the  initial  section  of  a  new  reservoir  of  100  m.g.  capacity,  with  necessary 
feeder  pipe,  at  an  estimated  cost  of  $1,460,000.   It  will  supplement  and  eventually 

pplant  Lake  Honda  reservoir  and  increase  the  present  storage  capacity  for  the 

district  to  7  days'  supply. 

5.  Extensions  to  Main  Pipe  System: 

Under  this  item  it  is  proposed,  at  an  estimated  cost  of  $2,391,000,  to  make 
expensive  improvements  in  the  main  pipe  system  through  the  construction  of 
several  new  supply  lines  from  the  distributing  reservoirs,  the  reinforcement  of 
the  distributing  system  by  a  system  of  secondary  feeders,  the  replacement  of 
all  of  the  smaller  pipes  which  are  inadequate  for  proper  fire  protection  and  the 
installation  of  a  number  of  gate  valves  dividing  the  system  into  small  sections 
which  may  be  shut  down  without  affecting  an  unnecessarily  large  area. 

Some  of  the  more  important  units  included  under  this  item  are: 

fa j  The  San  Andres-University  Mound  pipe  line  which  will  provide  a  large 
capacity  interconnection  in  San  Francisco  between  the  transmission  main  from 
San  Andres  reservoir  and  University  Mound  reservoir  outlet  pipe. 

(b)  The  extension  of  the  primary  supply  line  from  University  Mound  reser- 
voir from  25th  Street  and  Potrero  Avenue  to  a  point  in  the  vicinity  of  Battery 
Street _and  Broadway. 

fcj  The  construction  of  a  new  primary  supply  line  from  College  Hill  reser- 
voir, located  at  Appleton  Avenue  near  Mission  Street  to  the  vicinity  of  Buchanan 


(dj  Central  pumps  reservoir,  8  million  gallons  capacity,  which  will  be  con- 
structed on  the  site  adjacent  to  Central  pump  station  on  Sloat  Boulevard  to 
provide  regulating  capacitjr  for  the  supply  for  the  pump  station  and  at  the  same 
time  serve  as  a  distributing  reservoir  for  the  district  between  40th  Avenue  and 
the  Great  Highway  extending  from  Balboa  Street  to  Sloat  Boulevard,  all  of 
which  lies  below  elev.  100  ft.  and  which  cannot  at  the  present  time  be  supplied 
from  the  University  Mound  reservoir  on  account  of  the  intervening  topography. 

(ej  Secondary  Mains.  The  program  contemplates  the  installation  of  approxi- 
mately 47,500  ft.  of  16-in.  cast  iron  pipe,  21,500  ft.  of  20-in.  and  18,800  ft.  of  24-in. 
dia.  steel  pipe  necessary  to  augment  the  supply  to  the  distributing  pipes  of  the 
gridiron  system  from  the  mains  carrying  the  primary  supply  to  the  distributing 

reservoirs. 

(fj  Extensions  to  gridiron  system.  The  program  contemplates  the  installa- 
tion of  approximately  415,000  ft.  of  6-in.,  108,000  ft.  of  8-in.  and  60,000  ft.  of  12-in. 
pipe  necessary  to  replace  an  equivalent  amount  of  smaller  wrought  iron  or  steel 
pipe  2  in.  or  less  in  dia.,  thus  providing  fire  protection  in  the  many  districts  now 

well  built  up  but  which  are  without  adequate  protection. 

Finance : 

During  the  period  of  operation  of  the  San  Francisco  Water  Department  an 
excellent  financial  showing  has  been  made,  as  illustrated  in  the  following 

tabulation: 


WATER  DEPARTMENT  FINANCE 
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Reduction  in  Water  Rates: 

The  program  adopted  by  the  City  in  1930  for  betterm:nt  of  the  water  system 
contemplated  the  appropriation  of  a  portion  of  the  revenues  each  year  for  this 
development  work  and  would  have  necessitated  the  continuance  of  the  present 
water  rates  for  several  years  to  come,  but  the  spreading  of  the  cost  over  many 
years  by  issuance  of  the  Water  Distribution  Bonds,  together  with  many  econ- 
omies in  operation  accomplished  under  municipal  ownership,  has  made  possible 
a  10  per  cent  reduction  in  water  rates,  which  became  effective  December  1,  1934. 
Except  for  a  recent  reduction  in  automatic  sprinkler  rates  this  is  the  first  time 
in  many  years  that  water  consumers'  bills  in  San  Francisco  have  been  lowered 
and  is  the  forerunner  of  other  reductions  that  will  be  made  in  the  future. 

Water  Supply  of  San  Francisco  Peninsula: 

The  suburban  communities  in  that  portion  of  San  Mateo  County  watershed 
tributary  to  San  Francisco  Bay  secure  their  water  from  over  thirty  separate 
water  supply  agencies.  Much  of  the  supply  is  derived  from  wells  which  tap  the 
underground  water  supply.  These  communities  have  shown  remarkable  growth 
in  population.  This  growth  has  been  effective  in  two  ways  in  diminishing  the 
available  storage  of  water — the  increasing  population  requires  more  water  and 
the  increasing  amounts  of  roads  and  pavements  divert  surface  waters  to  sewers 
and  to  the  bay,  where  they  do  not  replenish  the  underground  storage.  Conse- 
quently, the  continuous  draft  has  lowered  the  supply  of  underground  water  and 
the  well  supplies  are  getting  more  and  more  precarious.  Steps  must  be  taken 
immediately  by  these  communities  to  provide  greatly  increased  supplies  for 
their  future  needs.  Their  limited  financial  resources  will  prevent  their  under- 
taking the  introduction  of  major  supplies  and  it  is  inevitable  that  they  become 
customers  of  the  City's  combined  Hetch  Hetchy  and  Spring  Valley  system. 

At  the  present  time  a  strong  sentiment  is  growing  in  these  communities 
for  the  formation  of  a  water  district,  or  districts,  to  take  water  from  the  City's 
system  and  install  their  own  distribution  system,  and  it  appears  that  as  time 
goes  on  the  City's  sources  will  be  utilized  to  furnish  water  for  the  easterly  slope 
of  the  whole  peninsula,  possibly  as  far  south  as  San  Jose,  and  for  the  easterly 
side  of  the  bay  northerly  to  Niles,  or  further. 
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PIPE  IN  CITY  DISTRIBUTING  SYSTEM 


June  30,  1934. 


Wrought  Iron 

Total  Pipe 

Pipe  Laid 

Taken  Out  or 

Total  Pipe 

q  nri  £>t ppI 

in  frrfinnn 

111  VJIXUU11U 

1033 — 1934 

Total 

Abandoned 

in  Oround 

Size 

July  1,  1933 

1933—1934 

June  30,  1934 

Feet 

Feet 

Feet 

Feet 

Feet 

V4" 

1,644 

0 

1,644 

0 

1,644 

Va." 

10,228 

2,559 

12,787 

0 

12,787 

1" 

47,116 

1,438 

48,554 

614 

47,940 

1^" 

4,894 

0 

4,894 

0 

4,894 

1^2" 

345,993 

839 

346,832 

27,829 

319,003 

2" 

530,455 

1,824 

532,279 

31,171 

501,108 

Galv.  3" 

30,846 

0 

30,846 

0 

30,846 

Dip.  3" 

1,419 

0 

1,419 

0 

1,419 

G.  &  D.  4* 

8,809 

0 

8,809 

0 

8,809 

Galv.  5" 

804 

0 

804 

0 

804 

Dip.  6* 

3,832 

0 

3,832 

0 

3,832 

Galv.  6" 

117 

0 

117 

0 

117 

«  g» 

17 

0 

17 

0 

17 

"  12" 

6,555 

0 

6,555 

0 

6,555 

13" 

456 

0 

456 

0 

456 

16" 

20,066 

6 

20,072 

1,203 

18,869 

20" 

40,940 

0 

40,940 

0 

40,940 

22" 

25,017 
9,087 

0 

25,017 

0 

25,017 

23^" 

0 

9,087 

0 

9,087 

24" 

12,637 

0 

12,637 

0 

12,637 

30" 

19,993 

2,890 

22,883 

4,182 

18,701 

33" 

2,409 

0 

2,409 

0 

2,409 

36" 

9,223 

0 

9,223 

0 

9,223 

37^" 

8,896 

0 

8,896 

0 

8,896 

44" 

6,999 

0 

6,999 

0 

6,999 

48" 

11,504 

0 

11,504 

0 

11,504 

Total  1,159,956  9,556 
C.I.Pipe 

2"  2,384  1,775 

3"  63,112  0 

4"  470,909  1,956 

6"  1,001,950  60,618 

8"  1,158,504  42,045 

10"  6,873  0 

12"  300,886  10,181 

16"  161,159  23,436 

20"  22,642  0 

22"  19,058  0 

24"  52,171  0 

30"  4,376  0 


1,169,512           64,999  1,104,513 

4,159  0  4,159 

63,112  830  62,262 

472,865  412  472,453 

1,062,568  855  1,061,713 

1,200,549  66  1,200,483 

6,873  0  6,873 

311,067  0  311,067 

184,595  0  184,595 

22,642  0  22,642 

19,058  0  19,058 

52,171  0  52,171 

4,376  0  4,376 


Total  3,264,024  140,011         3,404,035  2,183  3,401,852 

Grand  Total  4,423,980  149,567         4,573,547  67,182  4,506,365 

Total  Miles  837.88  28.33  866.21  12.72  853.49 
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ORGANIZATION 


The  charter  of  the  City  declares:  "It  is  the  declared  purpose  and  intention 
of  the  people  of  the  City  and  County,  when  public  interest  and  necessity  demand, 
that  public  utilities  shall  be  gradually  acquired  and  ultimately  owned  by  the 
City  and  County." 

The  Public  Utilities  Commission  has  charge  of  the  construction,  manage- 
ment, supervision,  maintenance,  extension,  operation  and  control  of  all  public 
utilities  of  the  City  and  County  including  Hetch  Hetchy  water  and  power  project, 
San  Francisco  water  department,  municipal  railway,  airport,  street  lighting, 
lighting  of  public  buildings,  etc.  The  commission  consists  of  five  members 
appointed  by  the  Mayor  for  terms  of  four  years.  Lewis  F.  Byington  is  president 
of  the  commission.  E.  G.  Cahill,  as  manager  of  utilities,  the  chief  executive  of 
the  commission,  has  the  management  of  all  utilities,  bureaus  and  operations 
under  its  jurisdiction.  L.  T.  McAfee  is  chief  engineer  and  manager  of  Hetch 
Hetchy  construction.  P.  J.  Ost  is  manager  and  chief  electrical  engineer  of  Hetch 
Hetchy  power  operation,  street  lighting,  etc.  N.  A.  Eckart,  for  several  years 
chief  assistant  engineer  of  the  Hetch  Hetchy  project,  is  general  manager  and 
chief  engineer  of  the  water  department.  M.  M.  O'Shaughnessy,  as  chief  engineer 
of  the  Hetch  Hetchy  project,  was  in  active  charge  of  the  design  and  construc- 
tion from  Sept.,  1912,  to  June,  1932.  He  then  became  consulting  engineer  for  the 
commission  and  held  this  position  until  his  death  on  Oct.  12,  1934. 


Prepared  under  direction 
of  the 

PUBLIC  UTILITIES  COMMISSION 
by 

L.  B.  CHEMINANT 
Office  Engineer 
Bureau  of  Engineering 

April,  1935 
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